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SUMMARY
The work described in this thesis was carried out 
at the University of Bath between January 1989 and 
December 1991 and was initially concerned with the 
synthesis of topoisomerase inhibitors based on the 
plant alkaloid camptothecin.
However, the direction of research was changed and 
the majority of work is concerned with the preparation 
of functionalised 1,2,3,4-tetrahydroisoquinolines and 
their elaboration to pyrrolo, indeno and pentalenoiso- 
quinoli n e s -
A key process in this work is an intramolecular
1,3-dipolar cycloaddition step, to form two rings of a 
tetracyclic product in a single reaction.
Various intermolecular cycloadditions were also 
performed upon 1,2,3,4-tetrahydroisoquinoline-3-carbox- 
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i n t r o d u c i i o n .
Cancer chemotherapy.
The aim of cancer chemotherapy is to spare normal 
tissue, whilst erradicating tumour cells in a manner 
that minimises the inherent drug resistance of such 
cells. Many anti-cancer agents operate by modifying the 
interaction of nuclear enzymes with DNA.
In most biological systems, DNA behaves as if it 
is topologically constrained. Regulation of DNA topology 
is of critical importance to normal cellular function. 
For example, if the amount of DNA supercoiling is dimin­
ished, this favours strand separation, which in turn 
facilitates DNA replication, gene transcription and
transposi t i o n .
The principal means by which the cell controls the 
DNA topology is via a class of nuclear enzymes called 
T o p o i s o m e r a s e s . T h e s e  proteins act by introduc­
ing transient breaks in the phosphodiester backbone of 
the DNA. In eukaryotes, these enzymes are divided into 
two distinct groups based on their mode of action.
Type 1.
DNA Topoisomerase 1 (TOPO 1) is a 100 kilodalton 
monomeric protein derived from a single g e n e . I t  has
the ability to break a single strand of duplex DNA, pass
the intact DNA strand through the resulting gap, and
1
then reseal the broken strand. The enzyme remains bound
at the 3* phosphoryl end of the break site via a cova 
lent phosphotyrosine linkage during this process.
This linkage conserves the energy of the phosphodiester 
bond and facilitates rejoining. Hence the enzyme cataly 
ses the relaxation of supercoiled D N A . ^ ^  It has been 
shown to be especially important in the transcription of 
ribosomal RNA g e n e s . ^ 1 0 * 1 1 » ^ 9
TYPE 2.
DNA Topoisomerase 2 (TOPO 2) is a dimeric 170 
kilodalton protein, also derived from a single gene.
It is characterised by its ability to transiently break 
and reseal both strands of duplex DNA simultaneously, 
allowing the passage of a separate double helical strand 
through the break site during this process.
In contrast to TOPO 1, this enzyme remains bound
to the 5 9 phosphoryl ends of the broken DNA
strands. Also, the strand passing activity of
this enzyme is dependent on ATP hydrolysis.^ H e n c e
( 1
TOPO 2 can remove knots^ ' and supercoiling in topolog­
ically constrained DNA. It can also reversibly catenate 
double stranded DNA circles.^1 9 ) Studies have shown the 
enzyme to be especially important in the separation of 
daughter chromosomes at the completion of 
replication.(^0)
o







The first inference that topoisomerases might be 
involved in the action of anticancer drugs resulted from 
studies with the intercalating agents adriamycin and
/ n 1 oo
ellipticine.v ’ } On exposure of mouse leukemia cells 
to these agents, unique protein-assosciated DNA breaks 
were observed. It was later shown by Liu that this cova 
lently bound protein was in fact a
topoisomerase. Liu’s results also showed that,
since a topologically restrained substrate was not re 
quired for drug- stimulated DNA cleavage, intercalation
with DNA by the drug was not necessary to effect cleav
a g e .
Further studies with etoposide^2^ »2 7 ^
strengthened the hypothesis that DNA-drug binding was 
not a necessary requirement for topo-mediated DNA cleav­
age.
Research with agents such as ethidium bromide, 
which are effective at blocking the catalytic activity 
of topoisomerases, showed little topo-mediated DNA 
cleavage and only weak cytotoxicity. This suggested that 
topo-drug interaction alone is not sufficient for high 
toxici ty . ( 23 , 24 , ^  8 , 2.9 , )
Further research supports the currently held view 
that these drugs act by stabilising the normally tran­
sient cleavable complex between DNA and
topoisomerase.  ^ The mechanism of cell death
induced by DNA damage is still unclear. Some form of 
cellular processing of the drug-stabilised cleavable 
complex is required to trigger the lethal effect of topo 
p o i s o n s .(34,35)
Interaction of these complexes with replication 
f o r k s ,h e l icases, proteases or nucleases has been sug 
gested as being necessary to cause lethality.^3 6 »3 7 ^
4
Figure 2.
diagramatic representation of the mode of action of topo
p oisons.

















= Topoisomerase I poison 
= Topoisomerase II poison
( )Thie topo 2 poi so11s ' w i nc.!. udt' a wi de r ange or
DNA intercalators. Among these, the acridi nes and an- 
thracyclines have been studied most
extensively . ^  ’ ’ '^ C) * ^  ^  Two noni nte rca 1 a 1: ive g 1 ycosidic
derivatives of podophyl j.otoxins have also been shown to
The known topo 1 poisons on the other hand com­
prise a much smaller group, including camptothecin [1] 




The novel pyrrolof3,4-b]quino]ine alkaloid 
camptothecin [1j was first isolated by Wall et a l . 
from the Chinese tree Camptotheca acuminata in 1966 as
part of an anti tumour screening program carried out by
the National Cancer Institute. Extracts from the root
and root bark displayed the highest activity.
Subsequen11y camptbthecin has been iselated f rom various
plants in the Nothapod v t e s ^4 6 ) and Merrilodendron genera 
of the Icacinaceae family, and also from the families 
Rubiaceae^4 7 ) and Apocynaceae.^4® )
Biogenesis of camptothecin.
The biogenesis of camptothecin has been the 
subject of extensive speculation and
experimentation.^4 9 ) It was originally proposed that the 
compound was derived biosynthetically from a monoterpene 
indole alkaloid precursor by Wenkert.(5°)
Winterfield^5 1 ) later expanded on this idea based on his 
finding that indole alkaloids underwent facile autoxida 
tion in vitro to the pyrrole[3,4-b]quinoline chromo- 
p h o r e .
Hutchinson^-5 2 ) was the first to recognise the 
structural relationship between camptothecin and stric 
tosamide [6]. Strictosamide(5 2 ) is formed from the 
cyclisation of strictosidine, [5], which is a key pre
cursor for monoterpene indole alkaloid synthesis in a 
wide range of plant families. Strictosidine^5 4 ’5 5 ’5 6 ) in 
turn is derived from a formal Pictet-Spengler condensa 
tion of tryptamine [3] with the monoterpenoid glucoside 
secologanin^-5 7 ) [4] . Stereospecif ic incorporation of 
strictosamide into camptothecin has been confirmed using 
labelled precursors^5 2 ) .
Hutchinson proposed that the next step would be
7
the removal of glucose from strictosamide. However the 
isolation in 1989 of the quinolone [8] from an extract
of C . acurni nata showed this was not the case. ( ^ 8) jn
stead the: next step must be the oxidation-recyclisation 
of st r i c tosarnide via the 9-membered cyclic lactam [7]. A
/ CO ']
possible next step suggested by Hecht ■ ; is the isom-
e i i .hi;.i on of the enol ether double bond to the endocy-















5 vnthesis of camptothecin.
The first total synthesis of camptothecin was
( SO )achieved in 1971 by Stork and Schultz. - ~ • . Py r rol idinone
[10] was caused to undergo a base-catalysed Friedlander 
condensation with o-aminobenzaldehyde [11] to give the 
pvrrolo [3,4-5] quinoline acid [12]. This was subjected 
to a Dieckmann cyclisation to yield the tetracyclic B- 
ketoester [13]. Hydrolysis, decarboxylation and sodium 
borohydride reduction followed by elimination of water 
yielded the dihydropyridone [14]. This reacted with the 
lithium anion of a protected alpha-hydroxybutyric acid 
to give the pentacyclic lactone [15]. Ester hydrolysis 
and sodium borohydride reduction gave the hemiacetal 
Clo] . Conversion to the acetate, oxidation with D D Q , 
acetate hydrolysis, reduction of the hemiacetal, fol­
lowed by acidification led to racemic camptothecin in 1- 
2% overall yield. See figure 4.
Figure 4.
Only nine weeks later Oanishefsky et al. reported 
the second total s y n t h e s i s ^ . This involved the addi 
tion of the amine [17] to dimethyl acetylenedicarboxy
late [18] to give the enamine [19]. This added in a 
Michael fashion to diethoxy carbonyl allene to yield the 
pyridone [20].
Transformation of this via a Dieckmann cyclisa- 
tion of an intermediate tetramethyl ester gave the bicy 
clic [21]. Hydrolysis and decarboxylation of this, fol 
lowed by a Friedlander cyclisation gave the tetracyclic 
[22]. Decarboxylation by pyrolysis over c o p p e r (I I ) o x i d e , 
followed by ethylation gave [23]. Addition of parafor—  
maldehyde in acidic solution, followed by l a c t o n i s a t i o n , 
yielded 20-deoxycamptothecin [24]. This was oxidised to 
racemic camptothecin by treatment with hydrogen peroxide 
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The first synthesis of chiral 20(S) camptothecin 
was reported by C o r e y ’s Harvard group in 1975^6 1 .^ This 
convergent synthesis combined the chiral pseudoacid 
chloride [31] with the tricyclic diamine [32], with the 
D ring being formed by cyclisation of an intermediate 
gamma-aldehydo-t-amide.
The 3,4-disubstituted furan [29] was resolved via 
its diastereomeric quinine salts and the tertiary alco­
hol protected as the carboxylate in the lactonised form. 
This gave product [30] in good yield.
Photooxidation of this furan followed by treat­
ment with thionyl chloride in a catalytic amount of 
dimethylformamide gave a 2.5:1 mixture of [31] along
12
with its undesired regioisomer. This mixture was then 
condensed with the pyrroloquinoline [32] in pyridine 
acetonitrile to give the intermediate [33], which after 
base-catalysed condensation-cyclisation, gave the 20(S)- 
20-methoxycarbonyl [34]. Lithium mercaptide in HMPA 
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Medi ci n a 1. C he mo .the .r.a. pv .
A correlation between the ability of camptothecin 
to induce DNA breakage and anti tumour activity has been 
suggested from studies of camptothecin a n a l o g u e s ^ 2 ^ . 
Also, the reports that camptothecin-resistant cells pos 
sess an altered topo 1, that is not inhibited by the 
drug, support the hypothesis that camptothecin kills 
cancer cells by inhibiting this e n z y m e ^ 0 ’64,6^^ .
Medicinally, camptothecin has been shown to 
exibit antitumour activity in several experimental 
lines^6 6 ). These include human lung, mammary and colon 
tumour lines^6 7 , 6 8 ) . At present the compound is only 
used medicinally in China, where it has been shown to be
14
successful against liver carcinomas and tumours of the 
head and n e c k ^ 9 ) .
The toxicity of camptothecin however is a major 
deterrent to its more widespread use in the treatment of 
human neoplasia^-7 0 ) .
15
i.v.3.zDipolar. c.ycJ^ o.addj. t_io_nJ.i
The addition of a 4 pi-electron-3-carbon system to 
a pi bond is known as a 1,3-dipolar cycloaddi tion reac­
tion. In contrast to the Diels-Alder reaction, which has 
attracted much attention from the 193 0 ’s onwards, 1,3- 
dipolar cycloaddition was not systematically investigated 
until the late 1 9 5 0 ’s, even though the first example of 
this reaction was first described in
The 1,3-dipole is an allyl-anion type pi system, 
with four electrons in three parallel atomic orbitals.
The three atoms can consist of a wide variety of carbon, 
nitrogen and oxygen combinations. The dipolarophile can 
be a double or triple bond.
The term 1,3-dipole can be misleading since not 
all of these compounds show high polarity. The 1,3-dipole 
can be represented by two resonance structures. One, in 
which both terminal atoms possess a full octet of elec­
trons and the positive charge is located on the central 
atom. Alternatively, the electrophilic centre can be 
localised on one of the terminal atoms, creating a sextet 
of electrons on that atom. See figure 7.
In the 1 9 6 0 ’s much attention was focused on wheth 
er the mechanism proceded in a concerted fashion or
16
through a biradical intermediate. The two main protago 
nists in this debate were Rolf Huisgen, who published 
much evidence i n support of a concerted 
mechanism^-72 ’7^,74) and Ray Firestone, who advocated a 



















The high stereospecificity observed in the
cycloadditions of 1,3-dipoles with cis-trans isomeric
dipolarophiles tends to argue against the biradical 
(7P 79 dq P 1^
approachv » » » '. Firestone counters this problem
with the hypothesis that in the intermediate biradical, 
the activation energy for ring closure, or reversion to 
reactants, is less than the energy barrier to rotation.
However, work with other known biradicals has 
shown a high degree of stereoequi1ibration in these types 
of reactions^'^^. Also, oxy radicals, such as those 
formed in the cycloaddition of nitrones are notorious for 
their hydrogen affinity, yet no hydroxylamine type side
( px  Q 4 o O
products have been observed m  these reactions'^ , , L ' .
f °(C- ') . ,
The current v i e w VUJ-' is that the mechanism is a 
concerted one with simultaneous, but not necessarily 
synchronous, bond formation and breakage.
The mechanistic scheme for a concerted 1,3-dipolar 
reaction fits the selection rules devised by Woodward and 
Hoffmann for cycloadditions^8"7  ^. The reaction is ther 
mally allowed and the two reactants approach each other 
in a suprafacial manner.
Thus the dipole (ABC) and the dipolarophile (DE) 
approach each other to form a two plane orientation
18





This assembly has the advantage over the all 
planar arrangement in figure 10 in that the A=B pi bond 
does not have to be sacrificed and hence allyl resonance 
is maintained for as long as possible^-88) .
Figure 10.
o
The pi orbitals of the terminal atoms of the 
dipole must bend slightly inwards to make contact with 
the pi orbitals of the dipolarophila, which bend outwards 
slightly. Gradual rehybridisation ensues, turning the 
terminal p orbitals of the dipolarophile into sp^ orbit­
als which form the new sigma bonds. This is accompanied
19
by an uplifting of the middle atom B, the former p orbit 
al of which, contains the unshared electron pair after 
the process is finished.
Regioselectivitv in 1 .3-dipolar cycload d itio n s .
In order to determine the regioselectivity of 
these reactions, it is necessary to look at the molecular 
orbitals on the reactants.,
The energy gain obtained upon combining orbitals 
on separate reactants is inversely proportional to the 
energy difference of the combining orbitals.
The most important interactions are therefore 
between the highest occupied molecular orbitals (HOMO5s) 
and the lowest unoccupied molecular orbitals (LUMO’s), 
since they possess the smallest energy separation.
The special role of these frontier molecular
orbitals was first recognised by Fukui^8 9 ) and forms the
basis of the frontier molecular orbital theory of chemi 
( 90 ^cal reactivity^ J . This theory was first applied to the 
reactivity sequences of 1,3-dipolar cycloadditions by 
Sustmann^9 1 5 9 2 )
If the smallest energy separation is between the
20
HOMO of the dipole and the LUMO of the dipolarophile, as 
will be the case with electron deficient dipolarophiles, 
then the reaction is termed dipole-HO controlled. If the 
opposite energy separation is the smallest, then the 
reaction is termed dipole-LU controlled.
Having discovered which interaction is of primary, 
importance, it is next necessary to look at the coeffi­
cients of the relevant orbitals. These and the energies 
involved in the case of diazomethane and some prominent 
types of dipolarophiles are shown in figure 11.





C - conjugating substituent Z - e- withdrawing substituent 
X = e- donating substituent
size of sphere is proportional to coefficient size
21
The favoured regioisomer will be the one formed 
through the transition state in which atoms with- the 
larger coefficients overlap.
For instance, the reaction of diazomethane with a
Z substituted olefin, as shown in figure 12, will be 
influenced most by the interaction of the HOMO of the 
dipole and the LUMO of the alkene, since this 9ev gap is 
smaller than the gap between the HOMO of the alkene and 
the LUMO of the dipole.
cate that the carbon of the dipole will overlap most 
effectively with the unsubstituted carbon of the dipola- 
rophile to yield the 3-substituted delta* pyrazoline as 
opposed to the 4-substituted analogue, as shown in figure 
12. It is always the case that for the various coeffi­
cients and combinations, the overlap of large with large 
and small with small is more effective than large-small 
and small-large.




size of sphere is proportional to coefficient size
Where the energy separation between the dipole 
HOMO and the dipolarophile LUMO becomes equivalent to 
that between the dipole LUMO and the dipolarophile HOMO, 
the regioselectivity is reduced. The same result is 
obtained if the orbital coefficients on one of the react 
ants are similar.
in La.3-di_pola.r. cycloaddi.tip
As long as the 1,3-dipole and the dipolarophile 
are configurationally stable, no rotation about the 
crucial bonds will occur during the concerted formation 
of the new sigma bonds. Hence retention of configuration 
should occur.
O
Dipolarophiles with two sp^ hybridised carbon 
atoms, such as cis.., tra.ns isomeric olefins are necessary 
to provide information on stereoselectivity.
Of the 1,3-dipoles, only the azomethine ylides
o
possess the necessary terminal sp hybridised carbon 
atoms needed to test stereoselectivity.
There are numerous examples in the literature of 
the retention of dipolarophile configuration during 1,3- 
dipolar cycloaddi t i o n s ^ 8 * ^  5 ^ 9 94 » .  Thus, the
azomethane imine [35], shown in figure 13, reacts with 
dimethyl fumarate to give the stereoisomer [36] and with
23













The retention of 1,3-dipole configuration in the 
reaction of azomethine yiides has also been 
d o c u m e n t e d ^ ' 7 . For example, when dimethyl acetylene 
dicarboxylate reacts with dimethyl 1-(4-methoxyphenyl) 
azi ridine-t.ra.ns-2 , 3-dicarboxylate [38] , at 100°C, only 
the cis-pyrroline L39] is obtained. When it is reacted 
with the cis-aziridine [40], only the trans-pyrroline
( on ^
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The cycloaddition of this group of 1,3-dipoles 
with olefinic and acetylenic dipolarophiles produces 
p y r r o l i d i n e s , pyrrolines and pyrroles. Azomethine imines 
are becoming increasingly important in the formation of 
many natural products^1 0 0 ’1 0 1 ^ , in which nitrogen- 
containing five-membered rings are central components.
Many methods of generation of azomethine ylides 
exist, which include;
The desilylation of trimethyl or triphenylsilyl compounds
25
discovered by Vedejs^■1'0 2 ’
Figure 15
R 1 r2 1 Tf0 t>2 pi p2\  /  R R R R
3 )=N ___*  W+ CsF  >■ W+R + V  \— SiRj V  V
SiMe 3 
(R = Me, Ph)
The thermal tautomerization of imines ^ 1 0 4 9
Figure 16.
R2 
R1 c h c o 2p?
OR
=  N + 
\
Thermal or photochemical opening of aziridines, as men 
tioned p r e v i o u s l y .
The condensation of 2-amino esters with carbonyl com­
pounds^1 0 6  ^.
Figure 17.
R1
RCH0 r1 i ++ 1 ^ t \
R NHCH2 C 02 r  r c h =  n — c h 2 co2 r 2 r c h  -  c h c o 2 r 2
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The generation of mesoionic oxazolones, on which our 
studies focus.
Mesoionic, o x a z glones.
Figure 19.
O' O o
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Oxazolones, as shown in figure 19, are the inter 
nal anhydrides of N-acylamino acids. Their ability to 
function as masked azomethine ylides was first recognised 
by Huisgens group in 1964 in Munich^10 8 \  hence the 
nickname munchnones.
27
These compounds are very reactive and not easily
isolated. In most cases, they are generated from the 
reaction of acetic anhydride with the N-acylamino acid 
and are then reacted in. situ with the dipolarophile.
20, are a very convenient method of forming pyrroles. For 
example, methyl propiolate adds exothermically at 0°C to 
the oxazolone [43], derived from N-benzoyl-N-methylphe- 
nylglycine [42]. The initial adduct formed is [44], which 
rapidly eliminates carbon dioxide to give the aromatized 
pyrrole [45]




Q.i.scu.ssi.on? a nd results.
The initial direction of research was towards the 
synthesis of a range of simplified camptothecins lacking 
the lactone ring. Since it seems likely that the lactone 
ring functions as a centre for the acylation of bionucleo 
philes, the elimination of this unit might reduce the 
unacceptably high level of toxicity of camptothecin
The proposed reaction scheme is shown in figure 21,
elaboration to tetracycles [54] where x and y are func­
tional groups or ring residues.
i t s e l f .
























The conversion of 3-bromoquinoline to 3-quinoline 
carbonitrile [47] was achieved using the Rosenmund Von 
Braun reaction. The best yield achieved with this method 
was, however, only 18%.
The next step was the reduction of the nitrile to 
the amine. A wide range of reducing agents were used to 
try to effect this transformation. These included lithium 
aluminium hydride ( m *  112) ^ sodium borohydride 
tetrabutylarnmonium hydride lithium aluminium
hydride and aluminiumtrichloride in combination ( H ^ )  and 
catalytic hydrogenation over platinum (IV) oxide 
No success was achieved with any of these reagents.
The time we were experiencing the difficulty in 
achieving this step coincided with the appearance of a
30
paper pub lished by Hertzberg^117^ . This disclosed that 




This new evidence^1 strongly suggested that the 
20-hydroxyl group was essential for anti-tumour activity, 
a fact due perhaps to the formation of a hydrogen bond 
between the hydroxy group and the DNA-Topo 1 complex. 
Alternatively it could be because the hydroxyl group 
increases the electrophi1icity of the lactone carbonyl 
through intramolecular hydrogen bonding.
Compounds [57],[581,[59] and [60], which retain the 
hydroxy and carbonyl groups, but which lack the E ring 










All of these molecules were found not to inhibit 
Topo 1 and were not cytotoxic. The first of these com 
pounds, [57], differs from camptothecin in that it con­
tains a lactam rather than a lactone ring. In general a 
lactam ring is more stable to nucleophilic attack than a 
lactone and the lactam NH is a hydrogen bond donor whilst 
the lactone ether oxygen is a hydrogen bond acceptor. The 
thiolactone of [58], whilst more reactive than a lactone, 
is less able to act as a hydrogen bond acceptor.
Compound [61] which retains the hydroxyl group and 
ring oxygen, but which lacks the E ring carbonyl group, 
was also shown to be pharmacologically inactive.
OH OH
[61]
The strong inference of this work is that the 20- 
hydroxy group, the carbonyl group and the ring oxygen of 
the camptothecin E ring are all essential features for 
Topo 1 inhibition and anti-tumour activity.
These findings led the research to centre instead 
upon the synthesis of structures related to the pentacy- 
clic quinone 5 , 13-dihydro-6-methylbenzo[b]isoindolo[2,1-
£>] isoquinoline-7,12-dione [62] which was first synthe-
This molecule is also similar to camptothecin in struc 
ture and electron density patterns. It has been shown to 
possess anti-tumour activity and its big advantage over 
camptothecin lies in its relatively low toxicity.
The synthesis of [62], shown in figure 22, utilised 
an intermolecular 1,3-dipolar cycloaddition of 1,4- 
naphthoquinone to the mesoionic oxazolone [63]. This 
intermediate munchnone was not isolated due to the known 
high reactivity of the oxazolium-5-olate system (120)  ^
but was reacted in situ, with the naphthoquinone. At the 
temperature of the reaction carbon dioxide was eliminated 
from the adduct [64] to generate the pentacyclic product 






This type of reaction could provide access to a wide 
variety of molecules with structures similar to both 
camptothecin and the pentacyclic [62], especially if an 
intramolecular cycloaddition approach such as that shown 





The basic starting compound for this new line of
34
research was phenylalanine. This alpha amino acid was 
converted to 1,2,3,4-tetrahydroisoquinolinium-3-carboxyl- 
ic acid chloride [66] in good yield by heating at reflux 
with formaldehyde and concentrated hydrochloric acid, as 
shown in figure 24. The next step was to convert the acid 
to an ester so that the subsequent coupling reaction 
would not be complicated by possible polymerisation. For 
this step, a suspension of the highly insoluble acid 
chloride in ethanol was heated whilst dry hydrogen chlo­
ride gas was bubbled through the mixture. After basifica- 
tion the esterified product was obtained in very good 










The next, step in the synthesis, as shown in figure 
!5, was to couple the isoquinoline ester [67] with an
35
acid bearing a group, z, which could subsequently be 













The first coupling reagent usee to promote this type 
of reaction was trimethylaJuminiurn. This was reacted with 
gamma butyrolactone and [68] was produced but in very 
poor yield. Next used was 1,3-dicyclohexylearbodiimide 
L.69J ' • This has been used with much success in
the formation of peptides. In the mechanism, shown in 
figure 26, the hydroxy oxygen of the acid becomes at­
tached to the middle carbon of the carbodiimide. The 
hydroxy hydrogen leaves and one of the nitrogens of the 
carbodiimide becomes protonated to form an adduct [70] . 
Nucleophilic attack by the amine molecule now occurs at 
the carbamoyl carbonyl group, followed by ultimate loss 


































Model reactions with acetic acid and hexanoic acid 
produced the respective amides [73] and [74] in reasona­
ble yields, although the products were always highly 








For this reason it was decided to explore other 
acylation procedures. One of the reagents used was boron
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trifluoride etherate (123). This was first widely used in 
the esterification of carboxylic acids with lower alkyl 
alcohols, due to its Lewis acid and dehydrating character 
and we speculated that it might be effective in N-acylat- 
ing the isoquinoline [67].
Thus this substrate, acetic acid, triethylamine and 
boron trifluoride etherate were refluxed with toluene in 
a Soxhlet apparatus for periods of up to 48h. Although 
the acetamide product was formed we were unable to 








The next reaction tried was the direct N-acylation 
of the isoquinoline ester [67] by heating it with butyro- 
lactone. This, we thought, would give the alcohol [75] as 
shown in figure 28, which has functionality in the side 
chain suitable for further elaboration to a dipolaro­
phile. The main product isolated from this reaction 
however was not [75], but a tan coloured solid with a 
molecular ion peak of m/z 318 in the mass spectrum.







No hydroxyl group absorption was observed in the 
infrared spectrum and there was no evidence for the 
presence of an ester group. The NMR spectrum provided 
the real clue as to the identity of the product. The 
spectrum showed no resonances due to aliphatic methyl or 
methylene protons, which indicated that the ethyl group 
was no longer present. A 1H double doublet at 3.02 ppm 
(J= 16.0 hz , 11.9 h z ) was associated with a similar set
of signals at 3.46 ppm (J- 16.0 h z , 3.8 h z ) and again
with another' set of signals at -. 30 ppm (T- 11.9 hz , 3.S
h z ). The large spin-spin coupling of 16 hz suggested that 
the signals at 3.02 and 3.46 ppm are the resonances of a 
geminal pair of protons with individual "‘J couplings to a 
third proton at 4.60 ppm. Further downfield were two 
additional 1H doublets at 4.36 ppm and 5.40 ppm. These 
exhibited a common coupling constant of J- 17.7 hz and 
were thus assigned to another pair of geminal protons. 
The low field protons of these signals are similar in 
chemical shift to the C-l protons of the starting isoqui­
noline ester. A multiplet centred at 7.24 ppm accounted
39 /
for another four protons.
All of this information taken together, strongly 
suggested that the isoquinoline group was still present. 
The infrared spectrum showed a strong absorption at 1625 
c m - 1 , indicative of an amide carbonyl group, and this, 
together with a band at 3250 cm-1 suggested a lactam. 
This, coupled with the molecular ion peak of m/z 318 in 
the mass spectrum led us to conclude that the compound 
was in fact the diketopiperazine [76], formed from the 
condensation of two molecules of the isoquinoline ester, 









With this problem in mind we next used cyanuric 
chloride as the coupling agent. This reagent has been 
used in a wide variety of reactions including the trans­
formation of alcohols to chi or ides^ ^ ) , alcohols to 
iodides (in the presence of sodium i o d i d e ) ^ , and 
oximes to ni triles^ ^ 26) can a ]_so pe used to convert
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carboxylic acids to acid chlorides, and these can be 
reacted in si tu with amines to produce amides. In a paper 
by Venkataramam a wide variety of acids including acetic, 
oxalic, malonic, succinic, cinnamic and benzoic acid were 


















Hence a solution of 5-bromopentanoic acid, cyanuric 
chloride and triethylamine in acetone was stirred at 30°C 
for 3h, As shown in figure 30. The isoquinoline ester 
[67*1 was then added and after a further 2h the isoquino­
line amide [78] was isolated. The insoluble chlorodihy
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droxytriazine [77] could be easily removed by filtration.
The presence of triethylamine in this reaction is 
necessary to ensure that the amino substrate is deproto- 
nated. However in our reaction we noted that the isoquin- 
olinium chloride [79] was a by product. By adding sodium 
bicarbonate to the reaction mixture the formation of this 
salt was repressed and the yield was improved to 82%.
Rather than having a purely linear approach to the 
formation of the isoquinoline amide [65], a number of 
reactions were performed to attach the dipolarophile unit 
to the acid prior to its attachment to the isoquinoline 
e s t e r .
In the first of these reactions we attempted to form 
the alkynyl acid [81] as depicted in figure 31. Butyl 
lithium was added to a solution of methyl propiolate in 
THF at -78°C to form the propiolate anion [ 8 0 ] The 
mixture was stirred for lh and then a solution of glutai—  
ic anhydride in THF was added. The solution was kept at 
-7S°C for a further 2h then allowed to warm to room 
temperature before quenching with water.
A complex product mixture resulted, which was shown 
by mass spectrometry to contain high molecular weight 
material. This could be due to the anion [80] reacting 
with the carbonyl groups of other propiolate anions and
42
thus forming an oligomer of the type [82].
Figure 31.
O BuLi _ O
 ^  ► Li+ ( S —






To circumvent this problem it was decided instead to 
use various 4-bromobutanoic esters. Alkylation of 1- 
pentyne would then form an alkynyl ester , as shown in 
figure 32. This time, hexamethyl phosphoramide (HMPA) was 
added to the reaction mixture to more readily solvate the 
anions and to reduce the chance of lithium aggregates 




THF +  -
HMPA
BrRO
R = Me o r  Et
Again, complex product mixtures were obtained and 
spectral evidence suggested that the pentyne anion was 
attacking at the carbonyl group of the ester rather than 
displacing the halogen atom as bromide ion.
Two methods were employed to synthesize the bromo- 
esters required for these experiments. In the first, 
boron tribromide was used. This reagent has successfully 
been used to convert 4,5,6 and 7 membered lactones to 
their corresponding bromoacids and bromoesters and in 
combination with sodium iodide to form the iodoacids and 
este rs (i- 31.) ^
Hence, gamma butyrolactone was added to a solution of 
boron tribromide in dichloromethane at room temperature
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under an atmosphere of nitrogen. After 14h the reaction 
mixture was quenched with methanol. This yielded the 
methyl bromoes';:er [S3] although only in 53% yield. Shown 
in figure 33.
tion was performed by passing dry hydrogen bromide gas
through a solution of the butyrolactone in ethanol at
0 ° C . The solution was then stirred at room temperature
for 2h then quenched with ice. This yielded the ethyl
bromoester [84] in a much better yield of 83%.
Due to the poor results obtained in the alkylation of 
these esters it was decided to use instead the free
Figure 33.
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acids. Now, attack at the carbonyl group is unlikely. 5- 
b r omovaleric acid was selected as the alkylating agent.
1,3-Dimethyl 3,4,5,6-tetrahydro 2[1H] pyrimidinone 
(DMPU) ^  *35, 136) w a s  u s e c j as a solvating agent in place of 
HMPA. The advantage of this reagent is that, whilst it 
possesses good cation solvating properties, it lacks the 
carcinogenic properties associated with HMPA.
Hence BuLi was added to a solution of 1-pentyne in 
THF and DMPU at -78"°C unde; nitrogen. After Ih at this 
temperature 5-bromopentanoic acid was added and the 
solution was then allowed to warm to room temperature 
prior to the addition of water. Unfortunately, mainly 
star ting materials were oh. a a i nek upon work up. This was 









The experiment was repeated and after warming to 
room temperature this time, the reaction mixture was 
immersed in a sonic bath for 2h before work up. This 
furnished the desired 6-decynoic acid [S5] in 35% yield. 
The corresponding 5-nonynoic acid [86] was obtained in a 
similar fashion in 31% yield. Shown in figure 34 above.
We were then able to proceed to the next stage, as 
shown in figure 35, where the alkynyl acid [85] was 
dissolved in acetone and triethylamine. Cyanuric chloride 
was then introduced and after warming the reaction mix­
ture to 4 0 °C the isoquinoline [67] and sodium carbonate 
were added. After 3h the iscquinoline amide [87] could be 








Attempts were next made to cyclise the alkynyl 
isoquinoline as depicted in figure 36. Because attempts 
to purify [87] by distillation had resulted in decomposi­
tion of the molecule, it was aimed to keep the tempera­
ture of the reaction as low as possible. Heating [87] in 
acetic anhydride at 80°C for 7h produced none of the 
cyclised material [88].Increasing the temperature to 
1 3 5 °C and refluxing for 14h resulted in enhanced decompo­







It was decided that in order to enhance the possi­
bility of cyclisation, the ester should be saponified to 
the acid. This would enable a better leaving group, an 
anhiydi• 1 de , t o be f ormed at this posi tion when the sub­
strate was heated with acetic anhydride.
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One method for cleaving an ester without hydrolysing 
an amide involves the use of potassium s u p e r o x i d e ^ - ^  in 
benzene, with IS-crown 6-ether to enhance the solubility 
of the superoxide. The mechanism of this reaction, as 
shown in figure 37, involves nucleophilic attack by the 
superoxide anion at the carbonyl carbon of the ester 
followed by electron exchange, the liberation of oxygen 
and the formation of the anion of the corresponding 
peracid. This sequence, unique to esters, then continues 
as a chain process affording the monocarboxylate anion as 
one product.
Figure 37
r c o 2r " + ° 2  ........ --------------- ► RC(0)02 + RO-
RC(0)C>2 + °2 ----------------► RC(0)0f + o2
RC(0)02- + r c o 2r" ------------ ----------------► (RCCTO^ + RO-
(RC(0)0)2 + 2 0 ,: --------------- ► 2 RC02- + 2 0 2
2 0 2: + H.O -------- --------------- ► HO- + h o 2-
RC(0)02- + OH- ---------------------------- ► r c o 2- + h o 2-
This reaction, when applied to our substrate, worked 
well and the acid [89] was produced in 77% yield after 
stirring the solution of [S7] for 14h with potassium 
superoxide at room temperature. De-esterification was 
later also achieved by simply reacting the isoquinoline 
[87] with sodium hydroxide in a solution of THF and water 
at room temperature for 12h. The yield in this case was
49












The acid [89] was then heated in acetic anhydride 
for 14h at 60°C. It was hoped that the acid group at 
position 3 would react with acetic anhydride to form the 
mixed anhydride [90]. This unit would function as a much 
better leaving group than the ethoxy group of the related
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ester and enhance the formation of the mesoionic compound 
and hence the cyclised product. Shown in figure 39 above.
No cyclised product was obtained at 6 0 ° C , nor even 
could any be detected after heating for 3 days at 135°C. 
This was another disappointment, and in order to gain 
insight into the nature of the dipolarophiles which will 
participate in these types of intramolecular cycloaddi- 
tions it was decided to investigate a number of different 
intermolecular cycloadditions using 1, 2,3,4-
tetrahydroisoquinol.i.ne-3-carboxy! ic acid [91] as the 
latent mesoionic compound. The acid [91.1 was produced by 
dissolving the isoqu i no'l i nium chloride [66] in the mini­
mum volume of hot ethanol and water (2:1) and then care­
fully neutralising with ammonium hydroxide until. the 
solution was just acid to congo red. The free amino-acid 
crystallised as colourless plates upon cooling.
gested that the most successful dipolarophiles are those 
containing electron withdrawing substituents such as 





were more effective than the corresponding olefinic dipo 
l a r o p h i l e s .
This led us to investigate dimethylacetylene dicai—  
boxylate (DMAD) and methyl propiolate as our primary 
d ipola r o p h i l e s .
Hence [91] was dissolved in a solution of acetic 
anhydride and DMAD and heated at 80°C until no more 
carbon dioxide was evolved. After work up the correspond­
ing dihydropyrroloisoquinoline [92] was obtained in 63% 
y i e l d .
A similar reaction with methyl propiolate yielded 
both the regioisomers [93] and [94] in an approximately 
1:1 ratio, after the reaction mixture was heated at 100°C 





Such regioisomerism is not unknown and there are 
several reports of similar reactions in the 
1 i teratu re^128 ■ ’141 ^ .
One explanation for our result is that the orbital 
coefficients at C - 1 and C-3 in the intermediate munchnone
[95], shown be].ow, are similar of' alternatively this 
could indicate that the energy gap between the HOMO of 
the dipole and the LUMQ of the dipolarophile is of a 




In the reactions of the isoquinoline acid [91] with 
the olefinic dipolarophiles methyl methacrylate, dimethyl 
fumarate and dimethyl maleate, complex, inseparable 
mixtures of products were obtained, but no evidence was 
obtained for the formation of any addition products. 
Similar problems were also encountered by Hershensor/140) 
with these types of dipolarophiles. He too obtained 
complex, multi-component product mixtures.
From the encouraging results obtained with DMAD and
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methyl propiolate it was decided to synthesise the fol­





The initial route selected for the synthesis of [96] 
was similar to that used in the preparation of [89] and 
is outlined in figure 40.
Literature precedents ■ ’ ; exist for the genera­
tion of the propiolate. anion as in reaction 1. However 
there was no evidence from the reactions 1 and 2 that the 
alkynyl acid [97] had been formed. A black oil was iso­
lated from these reactions. This was shown to contain 
many products by tic.
A paper reporting that the methyl propiolate anion 
could only be satisfactorily generated from Buli at 
temperatures below — 1 0 0 ° c ( l e d  us to repeat this 
reaction at the lower temperature using a 
THF/ether/pentane (4:1:1) solvent. Again, however a 
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Results'14^' showing that an addition reaction of 
butyl lithium to the carbon-oxygen double bond occurs 
competitively in the lithium acetylenide forming step 
caused us to use lithium di i sopropy lami.de instead, as the 
base in the deprotonation step.
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Again the solution turned a dark brown colour. Basic 
extraction, subsequent reacidification and dichlorometh- 
ane extraction yielded mostly bromovaleric acid.
The addition of Grignard reagents to methyl propio­
late has been reported to result in Michael-type 1,4- 
addition reactions and, to a lesser degree, 1,2- 
a d d i t i o n ^ - „ This results in the formation of compounds 
of the type [98] and [99] respectively and hence rules 
out the use of Grignard reagents to deprotonate our 
subst ra te.
O R
RRCH CH =  C -------C =  CH----- C  OCH H C = C ------ C-------R




Another r e p o r t / ' ^  on the inclination of the alkyl 
carboxylate and acetylide group of the anion to react 
with each other prompted a revision of strategy and 
another route for the generation of [96]. As shown in 
figure 41.
The first step in the synthesis involves the protec­
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However trimethylsilyl ethers are rather susceptible 
to solvolysis in protic media, either in the presence of 
acid br base. It was therefore decided to use the t- 
butyldimethylsilyl group instead. This more sterically 
hindered unit often shows greater stability when bonded 
to an oxygen atom.
The t-butyldimethylsilyl group was first introduced 
by Corey and Venkateswarlu in 1972^i 4 8 ^. When t- 
butyldimethylsilyl chloride is used as the silylating 
agent it is necessary to use imidazole as a calylyst. 
These reagents react together to form a complex of type 
[108], shown in figure 4 2 ,  which is the actual species 











The high boiling s o l v e n t N  ,N-dimethylf ormamide 
(DMF) is necessary for the efficient formation of the 
complex [108], However, if N (t-butyldimethylsilyl) imida­
zole (TBDMSIm) is used as the silylating agent, the much 
lower boiling and more easily removed solvent dichloro- 
methane can be used.
Thus TBDMSIm was added to a solution of 5-
chloropentanol in dichloromethane under an atmosphere of
nitrogen- After stirring the reaction mixture at room
temperatu re for J St. „ the solvent was removed to afford
( 1 so ^the siloxy chloride [101] in quantitative yield'
A solution of [101] under an atmosphere of nitrogen 
was then added to a stirred suspension of sodium acety- 
lide in xylene at 0°C. The solution was stirred at room 
temperature for 2 4 h. A mini work up at this stage re­
vealed mostly starting material so the temperature was 
raised to 3 0 °C for a further 15h. Tic at this time again 
showed little conversion to product [102]. The tempera­
ture was therefore raised to 80:°C for a further 6h. After 
quenching with ice, the product was isolated in 7% y i e l d .
We attributed the poor' productivity of this step to
the chloride being an insufficiently good leaving group.
It was therefore decided to change it to an iodide by 
performing a Finkelstein reaction on the siloxy chloride
59
[101] .
Hence, [101], sodium iodide and acetone were heated 
to reflux for 6h. After work up the siloxy iodide [109] 
was isolated in 75% yield.
A solution of this iodide was then added to a sus­
pension of sodium acetylide in xylene under an atmosphere 
of nitrogen. As expected, the iodide proved to be a much 
more effective leaving group and after stirring at room 
temperature for 15h the siloxyalkyne [102] was isolated 
in 63% yield.
Having obtained the alkyne [102] in good yield it 
was then dissolved in THF, and Buli was added at -78 °C 
under an atmosphere of nitrogen. After warming to - 2 0 ° C , 
to ensure that the anion was formed, and recooling to 
-78'°C, methyl chioroformate was added. Upon work up, the 
alkynyl ester [103] was obtained in 56% yi e l d ^ i 5 1 ^.
The acid labile T8DMS group could be simply removed 
by treating [103] with a mixture of acetic acid, THF and 





the alcohol [104] in 99% yield. The use of tetra-n-buty 
lammonium fluoride to remove the silyl group required 
three equivalents of this expensive reagent and gave the 
alcohol [104] in the lower yield of 87%.
The oxidation of the alcohol [104] to the acid [105] 
was acomplished by adding Jones reagent, a solution of 
chromic acid and sulphuric acid in water, to a solution 
of [104] in acetone. This yielded the desired acid in 57%
y i e 1 d .
The acid was then dissolved in a solution of cyanuric 
chloride in acetone and triethylamine and after lh stir­
ring at room temperature under nitrogen, the isoquinoline 
ester [67] was added., After a further 14h at room temper­
ature, the racemised isoquinoline amide [107] could be 
isolated in 58% yield.
The isoquinoline [107] was then dissolved in a 
solution of THF and water, to which sodium hydroxide was 
added. The ester groups were saponified and after stir­
ring at room temperature for lh the isoquinoline acid
[96] was isolated in 91% yield.
The intramolecular cyclisation step was . next at­
tempted. Hence, the isoquinoline [96] was dissolved in 
acetic anhydride and heated at 60°C for 2h, during which 
time the solution became yellow. After the solvent was re
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moved, the indenoisoquinoline [111] was isolated in 43% 










The first step in this reaction is the acylation of 
both the acid groups on the isoquinoline. However, none 
of the acylated product [110] was isolated, suggesting 
that once this product was formed, it was very quickly 
converted to the indenoisoquinoline [111] .
The reaction was carried out at high dilution (1 
mmol [96]: 50 cmu solvent) to minimise the chance of
intermolecular 1,3-dipolar cycloaddition.
Once success had been achieved in forming a 6- 
membered and a 5-membered ring through one intramolecular 
cycloaddition, it was decided to try to form the slightly 
more strai ned tetracycle [123], from [121] through this 
one step reaction. The rou te to this compound is as 
ou 11 i ned in figure 44 .
The t-butyldimethylsilyl group was again used to 
protect the hydroxyl group. Hence., TBDMSIm was added to a 
solution of 4-chloro~1-butanol in dichloromethane under 
an atmosphere of nitrogen. After stirring at room temper­
ature for ISh the siloxy chlorobutane [113] was isolated 
in 98% yield.
The poorer chloride leaving group was exchanged for 
an iodide using the Finkelstein reaction. Sodium iodide 
was added to a solution of the chlorobutane [113] in 
acetone. After heating at reflux for 16h, the iodobutane
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The iodide ion was then displaced by treatment of a 
solution of [114] in DMF with 18% sodium acetylide solu­
tion in xylene at room temperature for l6h. Upon work up, 
the alkyne [115] was obtained in 60% yield.
The anion of this alkyne was obtained by treating a 
solution of [115] in THF at -78°c with Buli. Methyl 
chloroformate was then added and the chloride ion 
di spiced by reaction wit!' the acetyl ide anion. This 
yielded the alkynyl ester [116] in the rather disappoint 
ing yield of 45%. In retrospect it might have been better 
to have performed an inverse addition of the acetylide 
anion to an excess of the methyl chloroformate, to 
lessen the chance of the acetylide anion reacting with 








The t-butyldimethylsilyl group was effectively 
removed by treating a solution of the silyl ether [116] 
in THF and water with acetic acid at 8 0 °C for l.Sh. This 
liberated the alcohol [117] in almost quantitative yield.
The alcohol was converted into the acid by treatment 
with Jones reagent for lh at room temperature. The acid 
[11S1 was obtained in 54%. yield.
The acid [1181 was then converted to the acid chlo­
ride by adding it to a solution of cyanuric chloride in 
acetone and triethyl amine and stirring at room tempera­
ture for l,5h. The isoquinoline [67] was then added and 
after a further I5h at room temperature, the triazine 
derivative was filtered off and the isoquinoline amide
[120] isolated in 63% yield.
To enable the better leaving group, the anhydride, 
to be formed at position C-3, the ester group was saponi­
fied by treating a solution of the isoquinoline [120] in 
THF with a solution of sodium hydroxide in water. After 
stirring at room temperature for 2h the isoquinoline acid
[121] was isolated in 82% yield.
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The cyclisation step was next attempted. The isoqui­
noline acid was dissolved in .acetic anhydride and after 
3hrs at 7 0 °C the solvent was removed to leave the cy­
clised product [123] in 37% yield.
The slightly higher temperature and longer reaction 
time necessary to effect a reasonable yield of cyclised 
product on this occasion is probably a reflection of the 
increased difficulty in forming two five membered rings 
rather than the five and six membered rings in product 
[111.]. Although forming the transition state on the 
route to compound [111] requires a greater loss of entro­
py than does the corresponding transition state for 
compound [123], the five membered ring has a restricted 
conformation and more ring strain than the six membered 
ring.. This is reflected in the lower free energy of
formation of cyclohexane over that of e y e 1o p e n t a n e .
In subsequent scale up of the reactions leading to
compounds [111] and [123], a short cut to forming the t~
butyldimethylsiloxy iodides was employed. The first two 
steps, namely the conversion of the chloroalcohol to the 
t-bu tyldimethylsilylchloride and the subsequent substitu­
tion to form the iodide, can be replaced by a one step 
react ion
For this step the more expensive chloroalcohols can 
be replaced by the cheaper cyclic ethers tetrahydropyran
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and tetrahydrofuran. To form 1-(t-butyldimethylsilyl)-5- 
iodopentane [109], t-butyldimethylsilylchloride, and 
sodium iodide, in acetonitrile are reacted together to
1 CO
form t-butydimethylsilyliodide „ This in situ forma 
tion of the silicon-iodide bond circumuents the problems 
associated with its hydrolytic susceptibility which is a 
deterrent to its prolonged storage.
1 53Such a reaction was first reported by Olah when 
trimethylsilyl iodide was used to cleave a variety of 
esters, lactones, carbamates and ethers. It was found 
that cleavage of esters and lactones occurred more slowly 
with this reagent than with preprepared reagent.. This was 
postulated to be due to the presence of hydroiodic acid 
as an impurity in preprepared reagent..
Having formed the s i 1y 1 iodide, tet rahydropyran was 
added along with imi dazed,e, to tn-ep conditions b a s i c , and 
the solution was stirred for ISh at 5 0 ° C . This gave the 
product [109] in 80% yield.
1 tZA
To form 1-(t-butyldimethylsilyl)-4-iodobutane , 
the same reagents were used, substituting tetrahydofuran 
for tetr a h y d r o p y r a n . For optimum yield the reaction was 
heated at 5 5 °C for lOh, after which time the product 
[114] was i so 1 a ted i n 83%. y i e 1 d .
After the success achieved in forming the cyclised
68 ,





This pentacycle has a structure which is similar to 
both camptothecin and rriitoquidone, and as such could, we 
thought,, perhaps possess some kind of anti-neoplastic 
p r o p e r t i e s .
The theoretical route to this compound posed some 
interesting synthetic challenges and is outlined in 
figure 45.
The route to this target starts with 2,2,6-trimeth­
yl- 1,3-dioxenone [126]. This compound was first isolated
ICC
in 1953 from the reaction of diketene with acetone
when heated with a catalytic amount of p ~toluenesulphonic 
acid.
It functions as. an acetoacetylating a g e n t ^ 6 when
reacted with alcohols and this acts as a £?-keto ester
1 5 7  *synthon . Although it is much more reactive than aceto-
acetate esters, it is much less; reactive than diketene
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Figure 45.
[126] o X ,AA
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itself. Its advantage over diketene lies in its easy 
handling and storage. It also lacks the toxicity assosci- 
ated with diketene..
The first step was to form the lithium dienolate and 
acyl ate this at the gamma position to form the t-butyl 
ester [128]. As shown in figure 45.
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Much has been written on the propensity of lithium 
dienolates of alpha, beta-unsaturated carbonyl compounds 
to alkylate predominantly at the alpha
posi tio n . 5 The use of copper(I) as the coun­
ter ion results in a preference for gamma-alkylation over 
a lpha-alkylation, although this trend is more noticable 
in a l p h a ,beta-unsaturated acids than in the correspond
1 ^ 1  1 A ?  1 AC |  ^  S  tl-  0  S  j*  u  J* 3 J .  ? X  U \ J
Some interesting work by A .B .S m ith1^4 » however, 
showed that in certain cases fi-alkoxy-alpha,beta-unsatu­
rated carbonyl compounds could be made to undergo exclu­
sive alkylation at the gamm a-position.
In their work, they investigated the alkylation of 
lithium dienolates derived from substituted 3(2 H ) -  
furanones and found that exclusively gamma-alkylation 
occurred if the furanone was fully substituted at the 
a l p h a ’ position. A series of related compounds were then 
investigated and the general rule that emerged was that 
gamma alkylation occurred every time the cor respond!ng 
lithium dienolate possessed a double bond which was 
exocyclic to a ring., As shown by the examples in figure 
46.
In a trial reaction butyllithium was added to a 
stirred solution of 1,1,1,3,3,3-hexamethyldisilazane in 
THF. 2,2,6-Trimethyl-l,3-dioxen-4-one was added to this
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at - 7 8 °C and after 2h the solution was quenched with D20 . 
This did indeed yield the garnma substituted product 





%a 0 0 34 33
%Y 100 100 66 67





Since no literature precedent existed for the acyla- 
tion of the di oxenone [126], the method employed by 
A .6.Srnith‘ for the alkylation was used, with lithium 
diisopropylamide as the deprotonation agent.
In subsequent reactions it was found that the use of 
lithium hexamethyldi silazide (LHMDS) as the deprotonation 
agent, resulted In a higher yield, of product.
Hence b u t y l 1 ithium was added to a stirred solution of 
hexame thy Idisi lazane in THF under' nitrogen at 0°C. After 
50 minutes, the temperature was reduced to -78°C and the 
dioxenone [126] was added. The solution was wa.rmed to 0°C
for 30 minutes then cooled to -78°C and di t-butyldicar 
donate [1271 was added- After lh, the solution was warmed 
to room temperature- This resulted in the gamma acylated 
product [128] being produced in 76% yield.
The next step was to alkylate this product, again at 
the gamma position. LHMDS was formed as before. The 
acylated product [12S] was then added and .the solution 
warmed to 0°C then cooled to -78°C and propargyl bromide 
added. After lh the solution was warmed to room tempera­
ture and quenched with saturated ammonium chloride 
solution. This resulted in the formation of a complex 
mixt.u re of p roducts.
The reaction was repeated, this time keeping the 
temperature at - 7 8 °C throughout and quenching at this 
temperature as well. Again a mixture of products was 
p roduced.
We had hoped for selectivity in this reaction bu t 
mass spectrometric evidence showed that both mono and 
dialkylated material were present. Much work was undei—  
taken to try and isolate these materials in the pure 
state and to identify them. However the effort was to no 
avail, since although relatively pure samples of mono 
alkylated compounds and dialkylated compounds were ob­
tained each consisted of isomeric mixtures.
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In retrospect, the formation of isomeric alkylated 
products seems assured, since by acylating the dioxenone 
to give the starting material for our experiment we might 
have expected the activities of the endo and exo sites to 
be similar. Both are now adjacent to a carbonyl group so 
that the mesomeric anion generated by treating the acy­
lated dioxenone with base has the potential to alkylate 
in two directions to give two different monoalkylated 
products [129] and [141], as shown in figure 48.
A second deprotonation may now generate a second 
mesomeric anion which, again, may alkylate at two sites, 
producing a total of four different dialkylated products, 
[142]-[145].
Figure 48.





Since s o ’ many problems were encountered with this 
sequence of reactions it was decided to try a different 
route to [129] , ;this time alkylating first and then 
acylating the product, as shown in figure 49. This method 
would remove the problems of equivalence of the positions 
alpha and gamma to the carbonyl group in the dioxenone 








LHMDS was prepared as before, and the temperature of 
the reagent mixture was reduced to - 7 8 °C. The dioxenone 
was then added and, after warming to 0 °C and recooling to 
- 7 8 °C, HMPft and propargyl bromide were added. This gave 
product [146] but the yield was very poor, only 17%.
The reaction was repeated keeping the temperature at- 
7 8 °C throughout but the yield in this case was worse at
7 6
nder lOv,. These low yields are probably attributable to
the instability of propargyl bromide in a strongly basic
• - 1 60 med:i urn.
A couple of methods of circumventing this problem 
ware illustrated by R .8.M i l l a r . In the course of his 
work on the synthesis of the gibberellic acid skeleton it 
was necessary to attach a propargyl group to a substitut­
ed c y c l o h e x a n o n e . It was found that direct alkylation 
with propargyl bromide gave poor yields, so two other 
methods were employed.




























The cyclohexanone [147] was initially alkylated with 
1 ,3-dichloropropene. The carbonyl group was then reduced 
to the alcohol [1491 and then the vinyl chloride was 
converted to the acetylene [150] by dehydrochlorination 
with butyllithium. Finally the alcohol was oxidised back 
to the carbonyl group. This gave product [151] in 26% 
overall yield.
The second method used 3-bromo-1-trimethylsilyl-1- 
propyne as the propargylating agent and this, followed by 
desilylation gave the product [151] in 50% overall yield.
The method used for making the 3-brorno-l~trimethyl~ 
s i l y 1 -1-propyne started with propargyl alcohol. The 
hydroxyl group of this was protected as a tetrahydropyra- 
nyl ether. This protected material was deprotonated with 
me t h y l 1ithium and then silylated with trimethylsilylchlo- 
ride. The tetrahydropyranyl group was then removed in 
refluxing methanol with p~ toluenesuIfonic acid and the 
product was then brominated with phosphorus tribromide.
Due to the known high acid sensitivity of the trime- 
thylsilyl group it seems likely that during the removal 
of the tetrahydropyranyl group some desilylation would 
occur. For this reason it was decided to use a t-butyldi- 
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Figure 51 outlines our new route to product [129].
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Hence, to a solution of propargyl alcohol [152] and 
3,4-dihydro-2W-pyran1 ^  in dichloromethane at 0°-C was 
added a catalytic amount of p-toluenesulfonic acid. Upon 
work up the product [153] was produced in almost quanti 
tative yield.
This product was then stirred with a solution of 
butyllithium in THF at -73°C for' 30 minutes. TBDPS chlo­
ride was added and after 2h the solution was warmed to 
room temperature and quenched with ammonium chloride 
solution. The silylated product [154] was isolated in 95% 
y i e l d .
The tetrahydropyranyl group was next removed by 
stirring the product in a solution of acetic acid, THr 
and water for 4h. After work up this yielded the alcohol 
[155] in 89% yield.
The alcohol group was then substituted with a bromine 
atom by adding phosphorus tribromide to a solution of
[155] in ether, containing a catalytic amount of pyri-
17 0dine. After stirring tor 2h at room temperature and
work up, the brominated product [156] was isolated in 90% 
yield.
This was then attached to the dioxenone [126]. The 
dioxenone was first added to a solution of LHMDS at - 7 8 °C 
and after warming to 0°C and recooling to -7S°C, the
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bromide [156] was added. After 2h the solution was 
quenched and the product [157] was produced in 81% yield.
The next step was to acyl ate this product at the 
gamma position. Since the acylation of the dioxenone 
[126:] occured in good yield, the same method was employed 
for the acylation of the substituted dioxenone [157].
Hence [157] was added to a solution of LHMDS in THF 
at -78°C. The solution became a dark red colour and after 
30 minutes di-fc-butyldicarbonate was added. Upon work up 
however, only starting material was present.
The reaction was repeated, this time raising the 
t e rn p e r a 1 u r e t o 0 ° C f o r 3 0 rn i n u t e s o n c e t hi e d i o x e n o n e 
[157] had beei"i added .a■ : then 1 owerin g  it to - 7 8 °C before 
the addi tion of the d ;■ - t- bu t y 1 d i ca r bona te . Again only 
starting material was present after work up.
To check if steric hindrance was the reason why the 
reaction failed with lithium hexamethyldisilazide, the 
experiment was repeated, as shown in figure 52, this time 
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The reaction was repeated with lithium hexamethyldi- 
silazide as the base but this time quenching with duteri- 
um oxide. Upon work up the desired gamma deuterated 
product [159] was isolated, thus proving that the anion 
was indeed being formed with this base..
Fiaure ST.
0  O  O  ^
1 Jk. ®  THF
LiHMDSi
yPh (ii) D,0






To check whether the dioxenone was not acylated with 
the di - t-butyldicar bonate due to the steric hindr a nee of 
this reagent, the reaction was repeated using ethyl 
chloroformate as the acylating agent. Again only starting 
material was obtained upon work up, and the same result 
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It seems likely that what is taking place in these 
reactions is that rather than carbon acylation, oxygen 
acylation is occuring to form the enol ester [161], and 
upon work up this is hydrolysed and the original dioxe­
none is regenerated, as shown in figure 55.
Fiaure 55.








The solvent, tetrahydrofuran, being polar and aprot- 
ic, will not greatly solvate either the oxygen or the 
carbon of the ambident anion [160], which wi^l tend to 
encourage attack by the more electronegative oxygen.
The lithium cation, however', being small and with no 
unshared pairs of electrons in its valance shell, is a 
hard acid, and as such would be expected to be bound 
quite tightly to the oxygen atom of the ambident dioxe- 
none anion, hence encouraging attack of the . di-f- 
butyldicarbonate at the less hindered carbon atom. The 
fact, that the reaction with the dioxenone [126] acylated 
in good yield at the caihon aton under the same condi­
tions, also makes it strange that carbon acylation does 
not occur with the substituted dioxenone [157].
In an attempt to increase the proportion of carbon 
over oxygen acylation, a three fold excess of the dieno- 
late anion [160] was used, with the hope that once the 
oxygen acylated product had been formed, carbon acylation 
would then have the chance to occur to form [158]. Again 









To circumvent this problem it was decided to perform 
the acylation at a later stage, once the dioxenone had 
been attached to the isioquinoline [67]. It also seemed 
logical to perform the acylation of the alkynyl position
at the same time, hence reoucing the number of reaction
steps by one.
The modified route to this product [165] , which is
slightly different to [13?] in that, the alkynyl position
will now be protected wir.n a f.-bu toxyca rbony 1 group 
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The slightly increased bulkiness of the alkynyl 
protecting group would not be expected to hinder the 
cyclisation step however, since the reaction works per­
fectly well between the isoquinoline [67] and the bulkier 
1 ,3-dipolarophile, benzyl i d e n e n ■ a 1 o  a o n i 1 r 5.1 e .
The silyl protecting group on [157] was next re-
1 ARmoved . The compound was added to a solution of tetrab 
utylarnmonium fluoride in tetrahydrofuran. After stirring 
at room temperature for 3 hours and subsequent work up, 
the product [146J was isolated in 66% yield.
The next step was the addition of this compound to 
the isoquinoline [67’J. A trial reaction was first per­
formed using the unsubstituted dioxenone [126] and the 




The method used was the same as that used by Boeck- 
171man and Perni in the course of their work to form 
acyltetramie acids. The isoquinoline ester and an equimo- 
lar amount of the dioxenone were heated at reflux in a 
solution of toluene for 5 hours. This yielded the acylat- 
ea product [167] in 62% yield. This yield was markedly 
lower than the best yield that, the above authors reported 
in their paper tor the acetylation or rather more compli­
cated secondary amines than isoquinoline.
Another paper by Boeckmani/i'J again concerning the 
acetylation of secondary arnines, reported that this 
procedure occurred in good yield if xylene was used in­
stead of toluene as the reaction medium.
When the isoquinoline [67] and dioxenone [126] were 
heated in a solution of xylene at reflux for 1 hour, the 
acylation occurred to give product [ j r. 7 j in a. much en 
hanced 33% yield.
Hence, a solution of the dioxenone [ 1 A 6 \  and the 
isoquinoline [67] in xylene was heated dor 3 hours at
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reflux, during which time the solution became brown. 
After work up the acylated product [163] was isolated in 
63% yield.
The next step was to hydrolyse the ester grouping to 
an acid. This was accomplished by the addition of sodium 
hydroxide to a solution of the isoquinoline [163] in 
tetrahydrofuran and water.. After 1.5h at room temperature 
the isoquinoline acid [164] was obtained in very good 
y i e l d .
O NaOH
t h f /h 2o 
 ►
O
o o o o
[164]
Unfortunately, due to time limitations, this was as 
far as work progressed on this line of research.
While this work was in progress, further reactions 
were performed to investigate the performance of 1,2,3,4- 
tetrahydroisoquinoline-3-carboxylic acid in 1,3-dipolar 
cycloaddition reactions. Hence, phenylacetylene was added 
to a solution of the isoquinoline [91] in acetic anhy 
dride. Upon heating, the solution became black and t.l.c. 
showed the presence of many close running spots.,
The use of propargyl bromide as the dipolarophile in 
a similar reaction produced the same result, even though 
work by Huisgen'^"'^1 has shown that dipolarophiles pos­
sessing electron withdrawing groups are more reactive and 
usua 11 y lead to i so 1 abi e products .
The: di polar ophi 1 e ethy 1 r>}•»eny 'J propi o 1 at.e proved
moi e successful, as shown in figure 59. when it was added 
t o a s o J u t j. o n o f t n e i. soq u i no J. i n e f 9 1 J i t'i a c et, i c a n la y - 
dride and heated at ;'0°C for 8 h , the dihydropy r roloiso- 








Similarly, heating 3-butyn-2-one in a solution of 
the isoquinoline in acetic anhydride resulted in success 
ful 1,3-dipolar cycloaddition, giving the adduct [169] in 
71% yield, as shown in figure 60. The conditions needed 
to effect the reaction in this case were more severe. 
Thus the temperature had to be raised to 130°C for 1.5h. 
The reasons for the difference in reactivity between the 
alkynic ketone and ester are not clear.
Figure 60.
O H  Ac~0
NH
[169]
These two reactions, in contrast to the cycloaddi- 
tion performed using methyl propiolate as the dipolaro­
phi le, resulted in the isolation of only one isomer, in 
each case. The structural assignment of these products 
was made on the basis of 1H N.M.P. data.
In the spectrum of [168]. the resonance of the 0-3 
methyl protons occurs at 52.66. This is virtually the 
same position as the C-3 methyl protons in the adduct 
[170] and 0.37 ppm downfield relative to the same signal 







Also, the C- 9 H 2  resonance of [168] occurs at 5-3.93, 
just 0.06 ppm upfield of the C-9H9 resonance in [170], 
but 0.46 ppm upfield of the C-9Ho resonance in [171].
In the 1H N.M.R. spectrum of [169], the rnethine 
pr oton tesonat.es as a quai I e „ ypin--spin coupled 
(^ J -0.9H 2  ) to the C- methyl protons at 52.39. Also, the 
C-9 methylene protons resonate at the relatively low 
field position of 54.44, which would be expected if the 
deshielding acetyl group was positioned at C’-l.
In order to further assess the range of dipolaro­
phi les that might be used to form adducts with the munch- 
none, some potential heterodipolarophiles were used e.g. 
hexachloroacetone (C-Q), methyl cyanide (C-N) and methyl 
cyanoacetate (C-N). In all cases these failed to give 
isolable adducts and the reaction mixtures became darker 
as time went by. We assume that this indicates the pro­
gressive degradation of the munchnone and it seems that 
these reagents are simply insufficiently reactive.
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Other alkenyl dipolarophiles were also examined and 
these included dimethyl fumarate, dimethyl maleate, 
maleic anhydride and methyl methacrylate. Whilst pos­
sessing electron withdrawing groups and therefore having 
relatively lower energy LUMO*s, which should facilitate 
reaction with the munchnone, these materials also failed 
to produce dihydropyrrolcisoquinoline adducts.
Instead, t.l.c. analysis showed only the close 
running array of spots with which we associated the 
decomposition of the munchnone. Similar work by Hershen- 
son^17j' on tet rahydro- £?-carbol ine-3-carboxy 1 ic acids 
also resulted in mixtures of inseparable products.
The only alkenyl dipoiarophile which proved success­
ful in this type of inter-molecular cyclization reaction 
was benzylidenemalononitrile, as shown in figure 61. When 
this was reacted with the isoquinoline !.9.l ] , dissolved in 
acetic anhydride, and heat.ec at reflux for 2 h , the tricy 















Benzylidene malononitrile, unlike the previous 
alkenyl dipolarophiles, forms an initial adduct [172], 
which can increase its oxidation state by the elimination 
of hydrogen cyanide, hence facilitating the loss of 
carbon dioxide to form the dihydropyrroloisoquincline 
f ') 73] . This suggests that eye J oaddi t ions probably also 
occur with other alkenyl dipolarophiles such as dimethyl 
fumarate etc. but since the adducts cannot eliminate 
carbon dioxide they undergo retro addition and the munch­
none degrades.
In these reactions, our supposition had always been 
that, first of all the isoquinoline reacted to form an 
amide, then an anhydride. At this point, one half of the 
anhydride acts as a leaving group (acetate anion) allow­
ing the mesoionic oxazolium-5-olate to form. In an at­
tempt to justify this conclusion, it was decided to 
perform some of these reactions in a stepwize manner, 
isolating the intermediates as they were formed.
Unfortunately at the temperature needed to initiate 
reaction between the isoquinoline [91] and acetic anhy 
dride, 80°C, inseparable mixtures of products were ob 
ta i n e d .
It was decided instead to use milder methods to 
generate the amide. Thus the isoquinoline [91] was treat 
ed with aqueous sodium hydroxide and acetic anhydride at
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room temperature, as shown in figure 62. After work up, 








To form the mixed anhydride [175], the amide was 
added to a solution of triethylamine in ether. Acetyl 
chloride was then added to the acid salt. Unfortunately, 
the anhydride was not obtained, instead a multicomponent
mixtu re was obt'--: ■ .'ieb
hioure o
O o o
OH ^ 3  ^ ^^2 0
C1C0CH
o o[175][174]
However, when this experiment was performed in the 
presence of dimethyl acetylenedicarboxylate at room 
temperature, shown in figure 64, the expected dihydropyr- 











Thus we are unable to prove that the reaction pro 
gressed through a compound of type [ITS], or whether the 
o x a z o l ium-5-olate was formed through straight dehydration 
of the isoquinoline with the acid group still present. 
Acids are not renowned for their electrophi1icity howev­
er, so we still feel inclined to believe that prior 
activation is necessary.
It was not unexpected that the actual oxazolium-5- 
olate system could not be isolated as Huisgen^1^4  ^ has 
shown this system to be highly reactive, although isola­
tion has been possible when aromatic substituents are 
present at the 2 and 4 positions of the oxazolium-5-olate 
r i n g .
To round off the work, some reactions were performed 
to investigate the effect on the cycloaddition reaction 
of having groups other than an amido unit incorporated 
into the isoquinoline [9.1]
Hence, the carbamate [177], in figure 65, was pro­
duced in 58% yield by dissolving the isoquinoline [91] In 
aqueous sodium hydroxide and then adding benzyl chloro- 
formate dropwize at 0°C.
Figure 65.
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H o w e v e r , when heated in acetic anhydride in the 
presence of dimethyl acetylenedicarboxylate, this react­
ant failed to yield an adduct and upon work up only 
starting material was recovered. It seems probable that 
in carbamat.es, there is less electron density at the 
carbonyl oxygen atom than in amides and this is enough to 
inhibit the reaction.
It was also decided to form the N-formyl compound 
[178], shown in figure 66, to see if the munchnone forma­
tion depended upon the presence of an acetyl unit at the 
N-atorn of the isoquinoline. Our expectation was that it 
should not since an alkyl C-group, adjacent to the carbo­
nyl group would exert, a relatively minor effect upon the 
electron density of the carbon atom.
This proved correct, thus formic acid and acetic 
anhydride were heated at 60°C for ih to form the mixed 
anhydride. The isoquinoline acid [91] was added to the 
reaction mixture and after a further lh at 6 0 :OC , work up 
gave the amide [178] in 26% yield.
Figure 66.
O




This amide was then dissolved in acetic anhydride 
• containing dimethyl acetylenedicarboxylate and after 
heating at 70°C for lh an addition occured to give a 54% 









All solvents were dried and distilled before use. Petrol 
refers to petroleum ether of 60-80*C boiling range and 
ether to diethyl ether. T.l.c. was performed on aluminium 
plates coated with kieselgel 60F254(Merck 5554) and 
compounds were visualised by illumination with short 
wavelength U.V. light or by treatment with one of the 
following: iodine solution in petrol, aqueous potassium
permanganate solution, phosphomolybdic acid solution in 
methanol or an alcoholic solution of vanillin. Column 
chromatography was performed on Amicon Matrex silica.
N.m.r spectra were recorded at 270MHz (^H) using TMS as 
an internal standard.
All melting points are uncorrected.
Reagent used for chemical ionization (C.I.) is isobutane.
Where two methods were employed to synthesize a product, 
the analytical details are not repeated for method B, but 
are identical to those listed for method A.
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I3-Quinolinecarbonitrile [47].
To a solution of 3-bromoquinoline (3 g , 14.4 mmol) in N- 
methyl-2-pyrrolidone (25 cm") was added copper(I)cyanide 
(4.5g, 50 mmol). The solution was refluxed for 40
minutes.. Dichloromethane (150 cm0 ) was then added and the 
solution extracted with dilute hydrochloric acid (4 x 10O 
cm°). The combined acidic portions were then basified 
with dilute ammonium hydroxide and extracted with dichlo-
'7 .
romethane (4 x 100 cm°) . The solvent was removed under
reduced pressure and the material purified by silica gel 
column chromatography (ethy i acetate : pet.ether, 1:9) to
yield the title compound as a white solid (391 mg, 18%);
m . p . = 103 °C ( 1 i tJ 7 3 108-11 (>°C ) vm . (liquid film) cm 1 ,fnoiX *
3040 (C-H), 1620 (C-C), 750 (C-H) ; (CDC13 ) ppm 9.02
(1H, d, 4 J -2.0 Hz, CH = N) , 8.. 53 (1H, d, 4J-"2.0 Hz, CH-C 
-CM), 8.16 (1H, cl, 3J - 8.2 Hz, CH-C-N), 7.83 (2H, m,
C H ” C H - C H ) , 7.70 (1H, d, 3J~3.2 Hz, CH-CH--CH); m/z (8.1 .)
154 (M+, 100%), 127 (24%).
1, 2 ,3 , 4-Tetrahydroisoquinolinium-3-carbox.yl ic acid chlo­
ride. [66] .
A suspension of phenylalanine (25g, 150 mmol) in a
mixture of conc. hydrochloric acid (190 cm3 ) and 37%
99
formaldehyde solution (55cm3 ) was heated to reflux for 30 
minutes, then a further quantity of conc. hydrochloric 
acid (50 'em3 ) and 37% formaldehyde solution (25 cm3 ) was 
added. Reflux was continued for 3h. The mixture was 
cooled and the colourless precipitate was collected by 
filtration, washed with methanol (3 x 100 cm3 ) and dried 
to yield the title compound (25.6g, 79%). M.p.= 305-
307 ° C . (lit., 308-309 °C U 1 9 ) )
Ethyl 1 ,2,3,4-tetrahydroisoquinoline-3-carboxylate [67](\1^ ^
A suspension of [66] (lOg, 47 mmol) in absolute ethanol 
(400 cm ) was heated to reflux. Dry hydrogen chloride was 
passed through until the ethanol was saturated (5h.). The 
solvent was removed under vacuum and the residue was 
dissolved in the minimum volume of water and made alka­
line with potassium carbonate. The yellow oil was sepa­
rated and the aqueous solution was extracted with ether
(3 x 50 cm"-'), the combined extracts were washed with 
water (2 x 20 c m ° ) , and saline solution (2 x 20 cmu ) and 
dried with sodium sulfate. This oil was distilled at 
reduced pressure to yield the title compound as a pale 
yellow oil (8.2g, 85%); vmax (liquid film) cm- -*', 3300 (N- 
H), 1705 (0=0), 755 (C-H): 5 H (CDC13 ) ppm 7.04 (4H, m,
aromatic protons), 4.16 (2H, q, ^J=7.2 Hz, CH0 -CH t ), 4.00’ JL. w
(1H, d, 2J = 15.7 Hz, CHH-NH), 3.96 (1H, d, 2 J=15.7 Hz, 
C H H - N H ), 3.60 (1H, d d , 3J=4.7 Hz, 3J=10.1 Hz, CH-C02 Et), 
2.98 (1H, dd, 3 J = 4 .7 Hz, 2J=16.1 Hz, C HH-CH), 2.84 (1H,
100
dd, 3J=10.1 Hz, 2J = 16.1 Hz, CHH-CH), 2.20 (1H, s, N - H ), 
1.24 (3H, t, 3J - 7 .2 Hz, CH.3-CH2 ); m/z (C.I.) 206 (100%,
MH+), 132*(85%).
Ethyl 2- (bu tan- 1-oy l-4-ol )-1, 2 , 3 , 4- tet rahydroisoqui.no-
line-3-carboxylate [68].
To a solution of ■ ethyl 1,2,3,4-tetrahydroisoquinoline-3- 
carboxylate (410 mg, 2 mmol.) in dichloromethane (5 cm3 ) 
under an atmosphere of nitrogen at 0°C was added 2.0M 
trimethylaluminiurn in hexane (l c m ° , 2 mmol). The solu­
tion was allowed to warm to room temperature and stirring 
was continued for 4h. Gamma Butyrolactone (172 mg, 2 
mmol) was then added and the mixture was stirred at room 
temperatu re for a f u r t he r 1 2 h . I ce wa te r was added and 
the solution extracted with dich] oromethane (3 x 10 crn'') .
The organic solution was then washed with water (3 x 5
T *?
cm"') and saturated sodium chloride solution ( 3 x 5  cm'' ) 
and dried with sodium sulfate. The solvent was removed 
under reduced pressure and the crude product purified by 
silica gel column chromatography (ethyl acetate : 
pet.ether, 1:19 to 1:9) to yield the title product as a 
pale oil (30 mg, 5%); (liquid film) c m " 1 3615 (0-H),
l i l d l X  '
3400-3200 (0-H), 1720 (C-0, ester), 1635 (C-0, amide); 5 H 
(CDC17 ) ppm (mixture of diastereoisomers) 7.22 (8H, m,
aromatic protons), 5.45 (1H, dd, 3J = 3.5 Hz, CH-CH2 ), 4.90 
(1H, d, 2 J = 17.2 Hz, CHH-N) , 4.87 (1H, m, CH.-CH.2 ) , 4.72
(2H , s, CH.2-N), 4.56 (1H, d, 2J-17.2 Hz, CHH-N) , 4.06
101
(4H, m, 2 x CH 2 -0-C=0), 3.74 (4H, m, 2 x CH^-OH), 3.20 
(4H, m, 2 x CH 2 -CH), 2.69 (4H, m, 2 x CH 2 ~C=0), 2.22 (2H, 
br, 2 x 0-H), 1.99 (4H, m, 2 x CH_2 -CH 2 -0H), 1.12 (3H, t, 
3 J = 7.1 Hz, CH 3 -CH2 ), 1.07 (3H , t, 3J = 7.1 Hz, CH_3 -CH2 );




A solution of acetic acid (O.OSSg, 0.97 mmol), 1,3- 
dicyclohexylcarbodiimide (0.2g, 0.97 mmol) and ethyl
1,2,3,4-tetrahydroisoquinoline-3-carboxylate (O.lg, 0.48 
mmol) in dichloromethane ( 1 0  cm°) was stirred together 
at room temperature for 15h. The 1 ,3-dicyclonexylurea was 
removed by filtration and the remaining solution was 
washed with sodium bi.carbonat.e so 1  ution ( 2  >:; 5 crn°) ,
dilute hydrochloric acid ( 2  x 5 cm°), water ( 2  x 5 cm"')
~7
and brine (2 x 5 cm"') and dried with sodium sulfate. The
crude product was purified by silica gel column chroma­
tography (ethyl acetate : pet.ether, 1:9) to yield the 
title compound as a yellow oil (52.4 mg, 44%); vm _,.
Ill cv
-(liquid film) cm " 1 2920-2810 (C-H), 1720 (C-0, ester),
1630 (Cr0, amide); (CDC1T ) ppm (mixture of diastereoi- 
somers) 7.21 (SH, m, aromatic protons), 5.47 (1H, d d ,
3 J -3.6 Hz, 3J = 6.1 Hz, CH-CH2 ), 4.89 (1H, d, 2J=17.1 Hz,
C H - H N ) , 4.77 (1H, dd, 3 J-2.9 Hz, 3 J-5.6 Hz, CH-CH2 ) ,
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4.73 (1H, d, 2 J=15.6 Hz, CH-HN), 4.67 (1H, d, 2J=15.6 Hz, 
CH-HN), 4.54 (1H, d, 2J=17.1 Hz, CH-HN), 4.06 (4H, m, 2 x 
CH 2 -0), 3.37-3.09 (4H, m, 2 x CH.2 -CH), 2.26 (3H, s, C H 3 - 
C=0), 2.16 (3 H , s, C H 3 -C-O), 1.12 (3 H , t, 3 J=7.0 Hz, CH 3 - 
CH 2 -0), 1.08 (3H , t, 3  J -7.0 Hz, C H ^ - C H ^ O )  ; m/z (E.I) 247 
(27%, M+), 204 (48%), 174 (25%), 132 (100%); C J 4 H 1 7 N0 3  :
Acc.Mass : Requires 247.29325, Found 247.29299.
Method B.
A solution of ethyl 1,2,3,4-tetrahydroisoquinoline-3- 
carboxylate (0.41g, 2 mmol), acetic acid (0.06g, 1 mmol)
and boron trifluoride etherate (0.284g, 2 mmol) in
toluene (30 cm°) under an atmosphere of nitrogen was 
refluxed in a Soxhlet apparatus with magnesium sulfate as 
the drying agent for 4 8 h. The solution was then washed 
with 1 0 % sodium hydroxide solution ( 2  x 1 0  cm°), dilute 
hydrochloric acid ( 2  > 1 0  cm0 ), water ( 2  x 1 0  cm°) and 
brine (2 x 10 cm'") and dried with sodium sulfate. The 
crude product was purified by silica gel column chroma­
tography (ethyl acetate ; pet.ether, 1:9) to yield the 
title compound as a pale yellow oil (2 0 . 6  mg, 8.3%).
Ethyl 1,2,3,4-tetrahydro-2-(hexan-1-oy1)isoqu i noline-3- 
carboxylate.[74].
To a solution of ethyl 1 ,2,3,4-tetrahydroisoquinoline-3- 
carboxylate (1.42g, 6.9 mmol) and 1-hexanoic acid (0.8g, 
6.9 mmol) in dichloromethane (15 cm3 ) was added 1,3-
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dicyclohexylcarbodiimide (1.42g, 0.69 mmol). The solution 
was stirred at room temperature for 48h. The 1,3-dicyclo 
hexylurea was then removed by filtration. The remaining 
solution was washed with dilute hydrochloric acid ( 2  x 5  
cm5 ) and dried with sodium sulfate. The solvent was 
removed under reduced pressure and the crude product 
purified by silica gel column chromatography (ethyl 
acetate : pet ether, 1:9 to 1:3) to yield the title
compound as a clear oil (904.5 mg, 43%); v'max (liquid 
film) cm - 1  2940-2810 (C-H), 1730 (C-0, ester), 1635 (C=0,
amide); 5^ (CDCl-^) ppm (mixture of diastereoisomers) 7.22 
(8 H, m, aromatic protons), 5.48 (1H, d d , "’J-5.9HZ,
3  J ~ 3 . 5H z , CH-CHo), 4.92 ( 1 H, d, 2J-16.. 9 Hz, CHH-N), 4.83XL
(1H, dd, 5  - 3. 1 Hz, 3  - 3. 1 Hz, CH-CHU), 4.70 (2H, s, CH^- 
N ) , 4.53 (1H , d , Hz, CHH-N ), 4.06 ( 4 H , m, 2 x
CHo-0), 3.22 (4 H , rn, 2 x CH 0 -CH) , 2.48 ( 4H , m, 2 x CHo~
4~,  4-  4.,
C = 0), 1.70 (4H , m, 2 x CHU-CH--C=0) , 1.37 (8 H, m, 2 x
CH o -CH o -C H -), 1.13 (3H, t, 3 J - 7 .2 Hz, C H U - C H ^ - Q ) , 1.07
4. 4. v.4  ^‘ 4 .
(3 H , t, 3 J - 7.2 Hz, CH^-CH^-O), 0.92 (6H , rn, 2 x CH?-CH0 -
.................' 4. “  \_' ZZ.
CHo); m/z (E.I.) 303 (48%, M+), 230 (76%), 204 (63%), 132
(100%); c j 0H25N O 3 : A c c ' -ass - ; requires 303.4004,
Found 303.3942.
5,7,12,14-Tet rahyd rod i naphth \ _ a , d] - 6  ,13-di ke topipe raz i ne 
[76] .
The isoquinoline [67] (6.2g, 30 mmol) was heated to
reflux with gamma-butyrolacctone (3 cm", 40 mmol) for
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48h. During this time, the solution became orange in 
colour .Dilute hydrochloric acid was added and the organ 
ic layer separated. The remaining acidic layer was ex­
tracted with diethyl ether (2 x 20 c m 3 ). The extracts 
were combined, washed with water ( 2  x 1 0  cm3 ) and saline 
solution (2 x 10 cm'-') and dried with sodium sulfate. The 
solvent was removed under reduced pressure. The residue 
was purified by silica gel column chromatography (ethyl 
acetate : p e t .e t h e r ,J : 1 ). The solid was dissolved in the 
minimum amount of boiling ethyl acetate and allowed to 
crystallize to yield the title compound as a tan solid 
(1.7 6 g , 37%); (CHC17 ) cm - 1  2S70-2820 (C-H), 1625
HI C* s\ O
(C-0); (CDCI-j ) PPm 7.24 (8H, rn, aromatic protons),
5.40 (2H , d, 2  J - 1.7.. 2 Hz., 2 x CHH-N), 4.36 (2H, d,
2 J-17.2Hz, 2 x CHH-N), 4.30 (2H, d d , 5J-3„8 Hz, 3J=11.9
Hz, 2 X C H - C H p ) , 3.46 (2 H , od , 3T-3.8 Hz, 2J - 16.0 Hz, 2 x 
C H H -C H ), 3.02 (2 H , 0 6 , 3J =11.9 Hz, 2J=16.0 Hz, 2 x CHH-
CH); rn/z (E.I) 318 (100%, M+), 130 (57%), 104 (65%);
C 2 oH iQiNl6 C,o ' Acc.Mass : Requires 318.13683, Found
318.13659.
Ethyl 1,2,3,4-tetrahycro-2-(5-bromopentan-l-oy1)-isoqui no 
1 i ne-3-ca rboxy late [761 .
To a solution of 5-bromopentanoic acid (0.9g, 5 mmol) and 
cyanuric chloride (0.46g, 2.5 mmol) in acetone (10 cm3 ) 
was added triethylamine (0.7 cm , 5 mmol). This was
stirred for 3h at 30°C, at which time no more cyanuric
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1
chloride was present in solution. The isoquinoline [67] 
(1.03g, 5mmol) and sodium carbonate (0.53g, 5 mmol) were 
then added and stirring continued at 30°C for 2h. The 
triazine derivative was then filtered off. The acetone 
was removed under vacuum and the orange oil taken up in
•7
dichloromethane (50 cm°) and washed with dilute hydro­
chloric acid (2 x 30 cm'5), dilute sodium hydroxide (2 x 
1.0 cmu ) and water (2 x 10 cm ) . The solution was dried 
with sodium sulfate, then the solvent was removed and 
the product distilled under reduced pressure to yield the 
title compound as a clear oil (l„5g, 82%); (liquid
f I I O ,  « Z \
film) cm " 1  2910-2820 (C-H), 1720 (C-0, ester), 1620 
(C-0), amide); 6 ^ (CDC13 ) ppm (mixture of diaster 
eoisomers) 7.26 (8 H, m, aromatic protons), 5.44 (1H, d d ,
3J = 4 .0 Hz, 3 J - 6 .2 Hz , CH-CH? ) , 4 .39 ( 1 H , d , 2 J -16.1 Hz,
CHH-N), 4.81 ( 1 H, dd, '■'•'J = 3.9 Hz, ^ J - 6 . 0  Hz, CH-0Ho ) , 4 . o9 
(2H, s, CH 2 -N), 4.53 (1 H , d, 2J=16.1 Hz, CHH-N), 4.06 
(2H , q, 67^7.0 Hz, CH.--CH-0 , 4.05 (2H, q, 3 J=7.3 Hz, 
CH 2 -CH3 ), 3.45 (2 H , t , 3J = 6 .6 Hz , CHp-B r ), 3.42 (2 H , t ,
3 J -4.3 H z , CH2B r), 3.25 (4H, m, 2 x CH 2 ~CH), 2.53 (4H, m,
2 x CH 2 -C0), 1.88 (8 H , m, 2 x CH 2 -CH.2 -CH 2~B r) , 1.12 (3H,
t, 3 J=7.0 Hz, C H 7 -CHo), 1-07 (3H, t, 3 J=7.3 Hz, CH^-CH-);^  vP
m /z (C .I ) 368 (15%, M + ),288 (10%), 204 (90%), 132 (100%). 
Methyl 4-B romobu tanoate [83]':'L/';
~T
A solution of gamma butyrolactone (0.. 75 cm°, 10 mmol) in 
dichloromethane (10 c.m3 ) was added to a solution of 1M
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boron tribromide in dichloromethane ( 1  cm3 , 1 0  mmol) 
under nitrogen. The solution was then quenched after 14h 
by the slow addition of methanol (30 cm3 ). Dichlorometh- 
ane (50 cm ) was then added and the solution washed with 
saturated sodium hydrogen carbonate solution ( 2  x 25 
cm°), saturated sodium thiosulphate solution (2 x 25 
cm°) , and water (2 x 25 cm'1') and dried with sodium s u l ­
fate. The solvent was removed and the crude product- 
distilled under reduced pressure to yield the title 
compound as an orange oil (0„96g, 53%); vmax (liquid
film) cm - 1  1735 (C-0), 760 (C-Br); 5 H (CDCI 3 ) ppm 3.70 
(3H , s, CH 3 -O), 3.48 (2H , t, 3  = 6 .4 Hz, CH.2 -Br), 2.52 (2H, 
t , 3  - 7 .2 Hz, C.H9 -C0), 2.18 (2 H, m, CH.2 -CH?-C0) ; m./z
(C.I.) 151 (33%), 14 9 (37%), 1 0 1  (100%), 87 (94%;.
Ethyl 4-brornobutanoate. [34)^^"" }
A solution of gamma-butyrolactone (1.5 cnr% 20 mmol) in 
absolute ethanol (5 cm0 ) was rapidly stirred at 0°C while 
dry hydrogen bromide gas (4.0Sg, 50 mmol) was slowly 
bubbled through. The solution was stirred for a further 2 
h. at 0°C. lOg of ice was added and the aqueous mixture 
was extracted with diethyl ether (3 x 10 cm3 ). The ether 
solution was washed with saturated sodium hydrogen c a r ­
bonate solution ( 2  x 1 0  cm'-'), sodium thiosulfate solution 
( 2  x 1 0  cm"'), water ( 2  x 1 0  cm°) and saline solution ( 2  x 
10 cm3 ) and dried with sodium sulfate. The solvent was 
removed and the crude product was distilled under reduced
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pressure to yield the title compound as a pale yellow oil 
(3.23g, 83%); vmax (liquid film) cm - 1  2950 (C-H), 1720 
(C=0), 770 (C-Br); 5 H (CDC13 ) ppm. 4.14 (2H, q, 3 J=7.2
Hz, CH.2 -CH3 ), 3.47 (2 H , t, 3 J=6.5 Hz, CH_2 -Br), 2.50 (2H,
t, 3  J = 7 .2 Hz, CH 2 ~C0), 2.18 (2H, m, CH2 " ^ 2 ~ CH2 ^ ’ 1  “ 2 7
(3H , t, 3  J = 7.2 Hz, CH.3 -CH2 ); m/z (C.I.) 197 (75%, MH+),
195 (6 8 %, MH+), 149 (40%), 115 (40%).
6 -Decynoic acid [85] 1 1 ^ ^
To a stirred solution of 1-pentyne (1 cm3 , 10 mmol), 1,3- 
dimethyl-3, 4, 5, 6 - tetrahydro-2(lW)-pyrimidinone (l .2 crn°, 
10 mmol) and tetrahydrofuran (10 cmu ) at -78°C, a solu-
tion of 1. 6 M butyl lithium in hexane (9.38 end, 15 mmol)
was added dropwize.. The solution was kept at -78°C for a
further ih., then 5-bromopentanoic acid (0.9 g , 5 mmol)
was added. The solution was then immersed in a sonic bath 
for 2.5 h., before being quenched with saturated ammonium 
chloride-: solution (5 cm°). Dilute hydrochloric acid (5
cm") was added and the solution was extracted with dieth­
yl ether ( 2  x 2 0  cm0 ), washed with water ( 2  x 1 0  cm0 ),and 
saline solution ( . 2 x 1 0  cm°) and dried with sodium sul­
fate.. The solvent was removed under reduced pressure and 
the material purified by silica gel column chromatography 
(ethyl acetate : pet.ether, 1:3) to yield the title
compound as a Dale yellow oil (0.2 9 g , 35%); (liquid111 cx X
film) cm " 1  3100 (0-H), 2900 (C-H), 1690 (C-0); 8 H (CDCI 3 )
ppm 10.8 (1H, br, C 0 0 H ), 2.39 (2 H , t, 3 J=7.1 Hz, CHo-CO),
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2.19 (2H, m, CH 2 -C=C), 2.12 (2H, m, CH 2 - C = C ) , 1.75 (2H,
m, CH 2 -CH 2 -C0 2 H) , 1.51 (4H, m, 2 x CH_2 -CH2-C = C) , 0.97
(3H, t, 3 J = 7.1 Hz, CH.3 -CH2 ); m/z (C.I.) 169 (24%, MH + ) ,
151 (100%), 67 (78%).
5-Nonynoic acid [8 6 ]^ .1 '? " ^
7
To a stirred solution of 1 -pentyne (1 cm , 10 mmol), 1,3- 
dimethyl-3 ,4 , 5, 6 - tetrahydro-2( 1W)-py r irnidi none (1.2 cm"",
10 mmol) and tetrahydrof u ran (10 cm"') at -78°C, a solu-
7
tion of 1.6M butyllithium in hexane (9.38 cm"", 15 mmol)
was added dropwize. The solution was kept at -78°C for a
further lh., then 4-bromobutanoic acid (0.84g, 5 mmol)
was added. The solution was then immersed in a sonic bath 
for 2 h . , before being quenched with saturated ammonium 
c h ]. o r ide solution ( 5 c m ° 1 . 0 1  u t, e h yd rochlo ri.c a c i. d
(5cm"') was added and the solution was extracted with 
diethyl ether ( 2  x 2 0  c m ° ) . was.ed w i 1 h water ( 2  x 1 0  
crn°), and saline solution ( 2  x 1 0  crr°) and dried with 
sodium sulfate.. The solvent was removed under reduced 
pressure and the material purified by silica gel column 
chromatography (ethyl acetate : pet.ether, 1:3) to yield 
the title compound as a pale yellow oil (0.24g, 31%);
(liquid film) cm~^ 3200 (C-H), 2900 (C-H), 1685
(C-0); 8 h (CDC13 ) ppm 10.77 (1H, br, C 0 0 H ), 2.42 (2H, t, 
3 J-7.1 Hz, CH.2 -C0) , 2.22 (2H, m, CH?-C=C) , 2.13 (2H, m, 
CH2-C = C), 1.77 (2H , m, CH.2 -CH 2 -C0 2 H ) , 1.51 (2H, m, CH_2 -
CHo-C-C), 0.97 (3H, t, 3 J=7.1 Hz, CH^-CHo); m/z (C.I.)
x~   £~
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155 (32%, MH+), 137 (100%), 87 (22%), 67 (85%).
Ethyl 1 ,2,3,4-tetrahydro-2-(dec-6-yn-l-oyl)- 
isoquinoline-3-carboxylate [87].
To a solution of 6 -decynoic acid (0.5g, 3 mmol) and
cyanuric chloride (0.28g, 1.5 mmol) in dry acetone (10 
cm2 ) was added triethylamine (0.4 cm°, 3 mmol). The 
solution was warmed at 40°C for 2h. when t.l.c. indicated 
the disappearance of cyanuric chloride. The isoquinoline 
[67] (0.62g, 3 mmol) and sodium carbonate (0.31g, 3 mmol)
were then added and the solution stirred for a further 
3h. at 34°C. The triazine precipitate was removed by
filtration. The acetone was removed under reduced pres­
sure. The remaining oil was taken up in a mixture of 
diethyl ether (45 cm°) and dichloromethane (5 cm'”') and
washed with dilute hydrochlor 5 c acid (2 x 25 cfrk'), dilute 
sodium hydroxide (2 x 15 chi'"), and water (2 x 15 cm°) and 
dried with sodium sulfate. The solvent was removed under 
reduced pressure and the material purified by silica gel 
column chromatography (ethyl acetate : pet.ether, 1:9 to 
1 :2 ) to yield the title compound as a clear yellow oil
(0.85g, 75%); \/mav (liquid film) c m - 1  2880-2820 (C-H),IT] ci X
1720 (C=0, ester), 1625 (C=0, amide); 5 H (CDC13 ) ppm
(mixture of diastereoisomers) 7.20 (8 H, rn, aromatic
protons), 5.47 (1H, d d , °J = 3.6 Hz, "’2-6.0 Hz, CH_-CH2 )» 
4.92 (1H, d, 2J = 17.4 Hz, CHH-N), 4.83 (1 H , d d , 3J = 3.1 Hz, 
3  J -5.5 Hz, CH-CH2 ) , 4.70 (2H, s, C H o - N ) , 4.53 (1H, d,
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2  J = 17.4 Hz, CHH-N), 4.06 (4H, m, 2 x CH.2 -CH3 ) , 3.22 (4H,
m, 2 x CH.2 -CH), 2.52 (2H, t, 3 J=7.8 Hz, CH_2 -C0) , 2.51 
(2 H , t, 3 J = 7.7 Hz, CH 2 -C0) , 2.22 (4H, m, 2 x CH 2 -C=C), 
2.11 ( 4 H , m, 2 x CH 2 -C=C) , 1.81 (4H, m, 2  x CH.2 -CH 2 -C0) ,
1.53 (8 H , m, 4 x CH.2 -CH2-C = C) , 1.13 (3H, t, 3 J-7.1 Hz,
C H 3 -CH 2 -0) , 1.07 (3H, t, 3 J -7.1 Hz, CH.3 -CH 2 -0) , 0.96 (3H, 
t., 3J -7.3 Hz, CH,-CH 0 - C H o ) , 0.95 (3H, t, 3 J-7.3 Hz, CH,- 
CH2~C H 2 )* m /z C0 -1 -) 3 5 6  (100%, MH+), 288 (31%), 204
(82%.), 132 (6 6 %), 130 (29%).
1,2,3,4-Tetrahydro-2-(dec- 6 -yn-1-oy1)-isoqui noli ne-3-
carboxylic acid [89].
Method A.
T he isoqu i no 1 i ne [ 87 ] ( 9Q mg , 0 . 28 m?r-o 1 ) 1,4,7,10,13,16-
hexaoxacyclooctadecane (22 mg, 0.084 mmol) and potassium 
superoxide (60 mg, 0.84 m m o l ) were added to dry benzene 
(5 cm°). The solution was stirred at room temperature 
over-night. Water (5 cm'-'} and dilute hydrochloric acid 
were added until the solution was acidic. The organic 
layer was separated and the aqueous layer was extracted 
with diethyl ether (2 x 20 cm°). The organic portions 
were combined and extracted with dilute sodium bicarbon­
ate solution (3 x 20 cm'-'). These extracts were acidified 
with dilute hydrochloric acid and the solution was then 
extracted with diethyl ether (3 x 20 cm3 ). The organic 
layer was washed with water ( 2  x 1 0  cm'6) and saline
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solution (2 x 10 cm3 ) and dried with sodium sulfate. The 
solvent was removed and the oil was distilled under 
reduced pressure to yield the title compound as a pale 
yellow oil (70 mg, 77%). ^max (liquid film) c m - 1  2890- 
2830 (C-H), 1720 (C=0, ester), 1630 (C-0, amide); 5 H
(CDCI 3 ) ppm (mixture of diastereoisomers) 7.22 (8 H, m, 
aromatic protons), 5.40 (1H, d d , ^J-4.4 Hz,°J»6.5 Hz, CH- 
C H 2 ), 5.80 (2 H , br, 2 x 0-H) 4.94 (1.H, d, 2J-17.6 Hz,
CHH-N) , 4.86 (1H, d d , 3J = 2.6 Hz, 3J = 5.1 Hz, CH-CH? ) , 4.68 
(1H, d, 2J = 16.4 Hz, CHH-N), 4.64 ( 1 H, d, 2J=16.4 Hz, CHH- 
N ) , 4.49 (1 H , d , 2J -17.6 H z , CHH-N) , 3.25 (4 H , m , 2 x
C.Ho-CH ) , 2.51 (2H, t , 6 J-7 . 6  Hz , CHo-CO) , 2 . 50 ( 2H , t ,
2  J -7.5 Hz, C H o - C O ) , 2.21 (4H, m, 2 x CH.0 -C 5 C), 2.11 (4 H ,
m, 2 x CH.o-C = C), 1.80 (4 H , rn, 2 x CHo "CHo ~00) , 1.50 (8H,
m, 4 x CH 0 -CH 0 -CE.C) , 0.95 ( 6HI, t. , '■%?-?. 3 Hz , 2 x CH. CHo)
; m/z (C.I.) 328 (4c2 , mh+> , 2 r;.v 1279), 176 (45%), 151
(42%), 132 (60%), 109 (100%).
Me thod B . .
The isoquinoline [87] (99 mg, 0.28 mmol) and sodium 
hydroxide (13 mg, 0.33 mmol) were dissolved in a solution 
of tetrahydrofuran (5 cmu ) and water (5 cm°). The solu­
tion was stirred at room temperature for 12h. Dilute 
hydrochloric acid was added until the solution was acid­
ic. The organic layer was separated and the remaining 
aqueous layer was extracted with diethyl ether (2 x 20 
cm^). The organic portions were combined and extracted
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with dilute sodium bicarbonate solution (3 x 20 c m ^ ) . 
This solution was made acidic with dilute hydrochloric 
acid and then extracted with diethyl ether (3 x 20 cm3 ), 
washed with water ( 2  x 1 0  cm3 ) and saline solution ( 2  x
10 c m 3 ) and dried with sodium sulfate. The solvent was
removed and the crude product distilled under reduced
pressure to yield the title compound as a light yellow
011 (72 mg, 79%).
/ 't "y x \
1 , 2 , 3 4-Tetrahydroisoquinoline-3-carboxyl ic acid [91] .
The isoquinoline [66] (10 g, 4 7 mmol) was dissolved in a 
minimum volume of ethanol/water (2 :1) and neutralised to 
congo red with 2N ammonium hydroxide. The resulting 
solutio n w a s left t o c r y s t. a 11 i z e o ver n i g h t . T h s res u 11 i n g 
solid was filtered oft, washed wi t.h water (3 x 50 c.m''')
and dried to yield the ti tie compound as colourless, 
platelike crystals (P. 3 ci. ] OOP ) . Cm -vH , < NO,-. : Acc . Mass . :.1- S' .1. J.
Calculated 177.07898, Found 177.07763.
Dimethyl 4,9-d i h y d ro-3-methylpyrrolo[1,2-b]isoquino 
l i n e - 1 ,2-dicarboxyl ate [92j.
Method A.
The isoquinoline [9.1] ( 8 8  mg, 0.5 mmol) was added to 
acetic anhydride ( 1 0  cmw') and dimethyl acetylenedicar­
boxylate (170 mg, 1.2 mmol). The mixture was stirred and
heated at 80°C for 12h. The solvent was removed under 
reduced pressure to yield a tan solid. This was dissolved 
in hot ethanol and left to crystallize, to yield the 
title compound as colourless crystals (95 mg, 63%).
fT13X
(CHCI 3 ) cm - 1  2920-2900 (C-H), 1670 (C=0) ; 8 H (CDC13 ) ppm
7.28 (4H, m, aromatic protons), 4.95 (2H, s, CH^-N), 4.30 
(2 H , s, C_H2-C = C), 3.85 (6 H, s, 2 X CH..3 -O) , 2.46 (3H, s, 
Q H 3 -C-C); m/z (E.I.) 299 (50%, M+), 268 ( 1 0 0 %), 240
(16%), 141 (18%) ; C j7 H ]7 N0 4  Found : C, 68.1; H, 5.8; N,
4.9: Requires : C, 68.2; H, 5.7; N, 4.7%.
Method B .
To a so.1.u t ion of thie i.soqu incline amide [ 174] ( 35 rng ,
0 . 1 5 9 m rn o 1 ) , triet h y 1 a rn i n e (1 9 rn g „ 0 159 mmol) a n d d 5. -
methyl acetylenedicardoxylate (34 mg, 0.23° mmol) in
i ethiy 1 et.her (20 or-:0 ) , . s ti 1 * red under an atmosphere of
nitrogen at room temper a t.u re was added acetyl chloride
(12.5 mg, 0 .j 59 mmol). The solution was stirred for Ih.
7Et hy1 a c et a te (3 0 c 1 n ') was t he n added and t h e solution
washed wi 1; h di lute hydr och 1 or ic acid (3 x 20 cmu ) , satu-
~7 .
rated sodium hydrogen carbonate solution (2 x 20 cmJ j , 
water (2 x 20 crh) and saturated saline solution (2 x 20 
cm°) and dried with magnesium sulfate. The solvent was 
removed under reduced pressure and the residue dissolved 
in hot ethanol. The title compound was obtained as co­
lourless crystals (34 mg, 71%).
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Methyl 4 ,9-dihydro-3-methylpyrrolo[1, 2 -b] isoquinoline-1- 
carboxylate and Methyl 4 ,9-dihydro-3-methylpyrrolo[1 ,2 - 
£>] isoquinoline-2-carboxylate [93] and [94].
The isoquinoline [91] ( 8 8  mg, 0.5 mmol) was added to 
acetic anhydride ( 1 0  cm ) and methyl propiolate ( 1 0 0  mg, 
1.2 mmol). The mixture was stirred and heated at 100°C 
for 2h. The solvent was removed under reduced pressure 
and the remaining yellow oil was purified by silica gel 
column chromatography (ethyl acetate : pet.ether, 1:9 to 
1:3). This yielded the title compound as a pale yellow 
oil (89 mg, 74%); v m a y  (liquid film) c m " 1  2930-2900 (C-
H), 1670 (C-0) ; 5^ (CPCI 3 ) ppm (mixture of regioisomers)
7.25 ( Si-1 , m, aromatic protons) , 6  . 35 ( 1 H , t, 4  J - 1 .0 Hz,
CH- C~CH,~.), 6 . 33 (1H, q , 4 J-0. 9 Hz , CH-C-Ci-U) , 4 .93 (2H ,
br , s, CM - -- N ) , 4 . ?2 (3 ;: . br . s, C ;; y . z . .yu ( 2H , br , s, 
C H o “C~C"C-0) 3 . 7 7  ( z h , ■;: " ,7 ; . 0  Hz, CH-%-C = CH ) Z . , 8 1
(3H , s, C-H y — 0 ) , 3.77 ( ;:H , s , CH.-r- 0) , T:. 61 ( 3H , s ,
CHj-C-C-C-O) , 2 . 2 7  (3H, d, "J- 0 . 7  Hz, Cl.';.-" C~C~ C H ) ; m/z
(E . I . ) 24 2 (100%, M + ) , 226 (92%.), 22 0 (36%), 182 (84%).
1,2,3,4-Tetrahydro-2-(oct- 1 -oyl-c-yn-S-oic a c i d ) 
isoqu i no line- 3-carboxyl i c: acid [96] .
The isoquinoline [107] (O.lg, 0.27 mmol) and sodium 
hydroxide (25.9 mg, 0.65 mmol) were dissolved in a solu­
tion of tetrahydrofuran (5 orw ) and water (5 crn'^-) and 
stirred at room temperature for lh„ The solvent was
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removed under reduced pressure and the solution was made 
acidic with dilute hydrochloric acid. This was extracted 
with diethyl ether (2 x 10 c m ^  ). The organic portions 
were combined and extracted with sodium carbonate solu­
tion (3 x 10 cm 3  ). These extracts were acidified with
dilute hydrochloric acid and extracted with diethyl ether 
(3 x 10 c m ^ ) .  The combined organic portions were washed
with water ( 2 x 5  cm^ ) and saline solution ( 2 x 5  cm 3  )
and dried with magnesium sulfate. The solvent was removed 
and the product distilled under reduced pressure to yield 
the title compound as a clear oil (81 mg, 91%):, vmav 
(CHB r^ ) cm"“ 2953-2852 (C-H), 2900 (br, 0-H), 2235 (C = C ), 
1713 (C = 0, acid), 1640 (C = Q, amide); 5,; (CDC1-,) ppm
(mixture of diastereo isomers) 7.10 (8H , m , aromatic
protons), 7 .01 (4H, br, 4 x 0-H), 5.33 (1H. d d , ^3=6.2
Hz, ':J - d . 2 Hz, OH-- CHn) , 4.87 (1H , d, 2 J- 1 7.6 Hz, CHH-N),
4.82 ( 1H, m , CH-CHo) , 4.63 (2H , s, CH^-w) , ^.,48 (1H , d,
2J-17.6 Hz, CHH-N), 3.15 (4H, m, 2 x C\;U-CH), 2.52 (4H,
2 x CH?-CO) , 2.35 (4H, rn, 2 x CHo-C = C) , 1.70 (8H, m, 2
x CHo~ C H C H  2-C = 0); m/z (F .A .8 ) 330 (100%, MH+), 312
(20%), 284 (15%), 232 (20%), 1.76 (32%)..
1 - (t-Bu ty 1 dime thy lsi loxy) -5-chl o r open tane [101 ] : : 1  u<~'
5-Chloropentan-l-ol ( 1  g, 8.2 mmol), 1-(t-butyldimethy1- 
s i l y l ) imidazole (1 . 9 g, 10.6 mmol) and dry dichlorometh­
ane ( 1 0  cm';') were stirred at room temperature for 18h. 
The mixture was then added to dichloromethane (75 cm^)
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and washed with dilute hydrochloric acid (3 x 50 c m ^ ) , 
dilute sodium bicarbonate solution (3 x 50 cm5 ) and 
saline solution (2 x 50 cm5 ). The solvent was removed and 
the residue distilled under reduced pressure to yield the 
title compound as a clear oil (1.9 g, 100%); ^max (nujol) 
cm " 1  2954-2857 (C-H), 1255 (CH 3 ~Si), 1106 (Si-0-C), 835
(Si-0-C), 776 (C-Cl); 5H (CDCI 3 ) ppm 3.57 (2 H , t, 3 J=7.0
Hz, CHo-0), 3.49 (2H, t, 5 J-7.2 Hz, CH^-Cl), 1.75 (2H, m,
5  J - 7 . 2  Hz, CH2 -C Ho-0), 1.46 (4H , m, CH.2 -CH..r-CH? -Cl ) , 0.84 
(9 H , s, 3 x CH.3 -C-Si), 0.01 (6 H, s, 2 x CH,-Si); m/z 
(C.I) 327 (64%, M H + ) , 179 (10%), 123 (19%), 105 (10%), 93
(14%), 8 6  (9%), 69 (100%).
7 - ( t -8 u tyldimethylsiloxy ) hept.- I--y ne [ 1 0 2  j .
To a solution of the iodide [10c ] (0.4 9 , J . 2 mmol) in
dimethylfor mamIde ( 1 err') under an atmospner e of nitro­
gen, was added 18% sodium a cetyl;de in xylene (0„6 g, 2.4 
m m o l ). The solution mas stirred at room temperature for 
1 5 h . Ice (10 g) was added and the solution was extracted 
with diethyl ether 13 x 10 cm"'),. The organic portions 
were washed with water (2 x 5 cm2) and saline solution (2 
x 5 crn"') and dried with magnesium sulfate. The solvent 
was removed under reduced pressure and the material 
purified by silica gel column chromatography (ethyl 
acetate : pet.ether-, 1:49) to yield the title compound as 
an orange oil (0.17 g, 63%); '/max (CHBr?) cm - 1  3301 (=C-
H), 2952-2854 (C-H), 1255 (Si-CH3 ), 1091 (Si-0-C), 835
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(Si-O-C); S H (CDCI 3 ) ppm 3.56 (2H, t, 3 J=7.0 Hz, CH.2 ~0),
2.15 (2H , td, 3  J = 7.0 Hz, 4 J=2.3 Hz, CH.2 -C£C) , 1.88 (1H,
t, 4 J = 2 .3 Hz, CH-C = C ) , 1.48 (6 H , m, C H ?-CH2-C H 2 - C H ^ - O ) , 
0.84 (9 H , s, 3 x C.H3 -C), 0.01 (6 H, s, 2 x CH^-Si); m/z
(C.I.) 201 (85%), 95 (30%), 81 (26%).
Methyl 8 - ( t-butyIdimethy1s i ]oxy)oct-2-ynoate [ 1 0 3 ] ( ^
To a solution of the alkyne [102] ( 8 8  mg, 0.. 39 mmol) in
dry tetrahydrofuran (l cmJ ) at -78°C under an atmosphere 
of nitrogen was added 1.6M bu ty 1 1 i t hi urn (0.27 crib , 0.44
mmol). The solution was warmed to -20°C over 1 h . then 
recoo 1 ed to -78 0 C . Mei hy } chloi~of ormate ( 0  .05 crn0  , 0.60
mmol) was added and the so 1 >.• tior . warrr-id to ~oom tempera- 
tu re over 1 h. The so j ■ cion was then quern h~d with satu- 
1 a ted ammonium ch.'i o ri ; e sol u ti ort ( . 2 and extracted
with diethyl ether (2 x 1 0  crnr' ■ . The or panic extracts 
were washed with w a t c  ( 2  -■ 5 <: ' ) and v a 1 u rat ed saline
solution (2 a: 5 end'') and dr ied ivi th magnesium sulfate. 
The solvent was removed and the product distilled under 
reduced pressure to yield the title compound as a clear, 
sweet-smel linq oil (62 m q , 56%): (liauid film) c m - 1
2955-2857 (C-H), 2239 (C=C), 1720 (C=0), 1256 (Si~CH3 ),
1107 (Si-0-C), 1079 (C-0), 837 (Si-0-C); (CDCI 3 ) ppm
3.71 (3H , s, CH 3 -O), 3.5o (2H, t, 3 J-7.1 Hz, CH.2 -0), 2.29
(2 H , t, 3 J -7.4 Hz, CI-U-C~C), 1.47 (6 H, m, CH 0 -CH 0 -CH~- z:.  “‘z. .."1^-.
CHo-0), 0.84 (9 H , s, 3 x C H T-C), 0.01 (6 H, s, 2 x CH*-Si)z^. vd- w*
; m/z (C.I.) 285 (5%, MH+), 269 (4%), 253 (2%), 201
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(85%), 183 (97%), 157 (90%), 125 (33%), 69 (100%).
Methyl 8 - ( hydroxy)oct--2-ynoate [104]]ldi }
The alkyne [103] (99 mg, 0.35 mrnol) was heated at 85° C
for 2.5h. in a solution of acetic acid, tetrahydrofuran 
and water (3:1:1., 2 cmu ) . The mixture was diluted with 
water ( 1 0  cm"'] , neutralized with sodium bicarbonate
solution and extracted with diethyl ether (3 x 10 cm"') .
The organic extracts were combined, washed with water (2 
x 5 cm"') and saline solution (2 x hem0 ) and dried with 
magnesium sulfate. The solvent was removed and the mix­
ture distilled under reduced pressure to yield the title 
compound as a clear oil (59 nig, 99%): v- a.. (liquid film'!w ! f I dx '
cm' 1  3400 (br, O H ) ,  2953-2870 (0- -h} , 2237 (C~C), j.7 1 9
(C = 0) , 1076 (c-o); 5,. (CDCl-r) ppm 3. c.,c> (3H , s, CHt~ 0 ) „
3.58 (2H , t , ' J - 7 . 2 Hz, C/S'O) > 2.26 (2H , t , ";,J-7.5 Hz ,
QHo-C = C ) , 2 . 05 ( 1H , D r , OH) , 1 . 48 ( 6 H , m ,
CHo - CH .2  - C H 2  - C H 2  ~ 0 ) ; m / z ( C . I . ) 17.1 ( M H + , 10 0 % ) , 139
(23%).
i L 6  i j
7-(Methoxycarbony1)hept- 6 -ynoic acid L105].
To a solution of the alcohol [1.04] (60 mg, 0.35 mmol) in
acetone (1 cm"'), was added Jones reagent
(chi'omi um(VI )oxide (2g) in water (3.28 cm5 ) and concen­
trated sulphuric acid ( 1 . 6 6  cm""')) until the orange colour 
of the oxidant persisted. The solution was stirred for
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lh. at room temperature. Water (10 cm°) was then added
and the mixture extracted with diethyl ether (3 x 10
cm'5). The combined organic portions were extracted with
half saturated sodium carbonate solution (3 x 10 cm5 ) .
The combined aqueous extracts were acidified with dilute
hydrochloric acid and extracted with diethyl ether (3 x
10 cm'1'). The organic extracts were washed with water (2 x
1 0  cm'5), and saline solution ( 2  x 1 0  cm°) and dried with
magnesium sulfate. The solvent was removed under reduced
pressure and the material purified by silica gel column
chromatography (ethyl acetate : pet., ether, 1:3 to 3:1) to
yield the title compound as a clear oil (37 mg, 57%);
vmav, ( CHB r-?■) cm - 1  2950-2853 (C-H) , 2237 ( C = C) , 1710 (br ,iTi cx y*. w1
0-0, ester, C=0, acid), 1073 (C-Q); $H (CDCI 3 ) ppm 5.5 
( 1 H , br , 0-H), 3.69 ( 3 H , s, CH--0), 2.32 (4H, m, CH.2-C = 0, 
CH.O-- C~C), 1 .64 ( 4 H , m, CjbU - ChU-CHo~C = 0) ; rn/z (C.l) 202
(200%, C . l . a d d u c t , MNH4+ ) , 185 (87%, MH+), 167 (30%), 152
(32%), 139 (10%), 125 (10%), 124 (16%).
Ethyl 1 , 2 , 3 , 4- tetrahydro-2- ( 7- (rnethoxycarbonyl ) hept- 
6 -yn-i-oyl)isoquinoline-3-carboxylate [107].
A solution of the acid [105] (100 mg, 0.54 mmol) and
cyanuric chloride (75.2 mg, 0.40 mmol) in dry acetone (5 
c m 2 ) was stirred at room temperature. Triethylamine (54.S 
mg, 0.54 mmol) was then added and the solution stirred at 
room temperature for lh. The isoquinoline [67] (137 mg,
0.54 mmol) and sodium carbonate (57 mg, 0.54 mmol) were
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added and the solution stirred for a further 14h. The 
triazine precipitate was removed by filtration and the 
solvent removed under reduced pressure. The remaining 
orange oil was taken up in diethyl ether ( 1 0  cm3 ) and 
dichloromethane ( 1  cm3 ) and washed with dilute hydro- 
chloric acid ( 2 x 5  cm ), sodium carbonate (2 x 5 crn'-') ,
T  T?
water (2 x 5 cmu ) and saline solution ( 2 x 5  cm ) and 
dried with magnesium sulfate. The solvent : was removed 
under reduced pressure and the material purified by 
silica gel column chromatography (ethyl acetate : 
pet.ether, 1:9 to 1:1) to yield the title compound as a 
sweet-smelling yellow oil (116 mg, 58%); V/max (CHBr^) 
cm ” 1  2955-2856 ( O H )  , 2236 (C = C) , 1707 (br, C = 0, ester), 
1641 (C---0 , amide), 1080 ( 0 0 ) ;  5 H ( C D C O )  ppm (mixture of
diast'.ereoisomers) ppm 7.1.5 (8 H, m, aromatic protons), 
5.43 ( 1 H, dd, 3 J = 3.S Hz, Z J - 5 . . 7  Hz, CH-CH2 ), 4.88 (1H, d, 
2 J-17.1 Hz, CHH-N), 4.80 (1H, dd , 3 J -3.2 Hz, 3 J~5.7 Hz, 
CH-ChU), 4.67 (2 H , s, CH?-N), 4.52 (1 H , d, 2 J=17.1 Hz, 
CHH-N), 4.08 (4H , m, 2 x CH.2 -0) , 3.73 (6 H, s, 2 x CH 3 -O) , 
3.20 (4 H , m, 2 x C M o~CH), 2.51 (4H, m, 2 x C.H? -C0) , 2.38
(4H , m, 2 x CH 2 - C 5 .C), 1.75 (8 H, m, 2 x CH.2 --CH2 -CH 2 - C r O ) , 
1.24 (3H, t, 3  J - 7. 1 Hz, CH 3 -CH2 ) , 1.10 (3H, t, 3 J~7.1 Hz,
C.H3 -CH 0 ); m/z (C.l) 372 (28%, MH+), 312 (12%), 298 (13%), 
204 (70%), 132 (56%), 71 (100%).




The chloropentane [101] (0.52 g, 2.2 mmol), sodium iodide 
(3.3 g, 22 mmol) and acetone (25 cm3 ) were heated at 
reflux for 6 h. The acetone was removed under reduced 
pressure to leave an orange oil. This was added to dieth­
yl ether (100 cm°) and washed with water (2 x 50 cm3 ), 5% 
sodium thiosulfate solution (2 x 50 cm°) and saline 
solution (2 x 25 cm'1'). After drying with magnesium sul­
fate the solvent was removed under reduced pressure. The 
crude product was purified by silica gel column chroma­
tography (ethyl acetate : pet.ether, 1:49) to yield the 
title compound as a pale yellow oil (0.54 g, 75%); '"max 
(liquid film) cm ” 1 2953-2855 (C-H), 1256 (CH^-Si), 110
(Si-0-C,) , 836 ( S i -0-C ) ; 5H (C D C 1 - ) ppm 3 .56 (2H , t ,
3  J = 7.0 Hz, C.H.o-0), 3 14 (2H , t , 3 0' = 7 .2 Hz, CH2~1 ) , 1.80
( 2 H , m, 3  J -7.2 Hz, 0H? -Q) , 1.43 ( 4 H , m, CH.o~CH~“CHo“
I ) , 0.84 (° H , s, 3 x CH^-C), 0.01 (6H , s, 2 x CH~.-Si ) ;
m/z (C.l) 329 (5%, PH-), 271 (1S%.) , 201 (16%), 107 (22%),
69 (100%).
Method S..
To a solution of t. -bu tyl dime thy 1 si lyl chloride (3 g, 20 
mmol), sodium iodide ( 6  g, 40 mmol) and imidazole (1 g, 
14.7 mmol) in acetoni trile (40 cm°) under an atmosphere 
of nitrogen in the dark, was added tetrahydropyran (7.1 
c m ° , 73 mmol). The solution was stirred at 50°C for ISh.
"7
Water (100 cmJ ) was then added and the solution extracted 
with diethyl ether (3 x 50 cm0 ). These extracts were
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washed with 5% aqueous sodium thiosulfate solution ( 3  x 
20 cm3 ), dilute hydrochloric acid (3 x 20 cm3 ) and saline 
solution (3 x 20 cm"). The solution was dried with magne­
sium sulfate. The solvent was removed under reduced 
pressure. The remaining oil was purified by silica gel 
column chromatography (ethyl acetate : pet.ether, 1:24) 
to yield the title compound as a clear yellow oil (5.23 
g, 80%)..
11-Acetoxycarbonyl-l,2,3,4,5,10-hexahydroi n d e n o [2,3-
a]isoquinoline [1 1 1 ].
The isoquinoline [96] (70 mg, 0.2 mmol) was dissolved in
acetic anhydride (.10 cm") and heated at 60°C for 2h. The 
solvent was removed under reduced pressure and the mate-
i'" i a 1  pu r i f led bv si 1 i ca ge 1 co 1  unin ch\'omatography (e thiy 1
acetate : pet.ether, 1:9 to 1:1) to yield the title
c o rn p o u 11 d a s an o r a n g e oil (2 mg , 4 3 % ) \ 'r ^ , v (liq u i d film)
cm - 1  2920-2840 (0-H) , 1780 (C-0), 1705 (C-0); 5 H (CDCI 3 )
ppm 7.25 (4H, m, aromatic protons), 4.91 (2 H , s, CH 0 - N ) , 
4.40 ( 2H , s , CM2- C-N ) , 2 . 70 ( 2H , t , C H C H  2 CH 2  ) , 2 . 61
(2 H , t , CH.2 “CH 2 - C M ^ ) , 2.31 (3 H , s , CH 3 -C - 0), 1.80 ( A H ,  m ,
CH 2 -CH 2 -CH2 ) ; m/z (E.I) 309 (47%, M+), 267 (95%), 250
(33%), 222 (100%); C 1 7 H 1 7 N0o ; Acc.Mass : Requires
267.12593, Found 267.12798.
f ] O *7 ^
1-( t-Bu tyldimethylsi loxy)-4-chlorobutane [113] 1“ ,vJ'
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To a solution of 4-chloro-1-butanol (2.9g, 27 mmol) in 
dichloromethane (30 cm°) under an atmosphere of nitrogen, 
was added 1 - ( t-butyldimethylsilyl)imidazole (6.4g, 3 4
mmol). The mixture was stirred at room temperature for
18h. Dichloromethane (100 cm°) was then added and the
solution was washed with dilute hydrochloric acid ( 3  x 50
"7
cmu ), saturated sodium hydrogen carbonate solution (3 x 
50 cm°) and saline solution (2 x 50 cm0 ) and dried with 
magnesium sulfate.. The solvent was removed and the
product distilled under reduced pressure to yield the
title compound as a clear sweet-srnel 1 i ng oil (5.9 g , 98%); 
vmav (liquid film) c m " 1  2956-2858 (C-H), 1256 (Si-CH? ),
1106 (Si-0-C), 837 (Si-0-C), 776 (C-Cl); § H (CDCI 3 ) ppm
3.60 (2H, t, 3 J=7.2 Hz, CH.o-0), 3.53 (2 H , t, °J=7.4 Hz,
CHU-C1), 1.81 (2 H , m, CH^-Cl-U-0) , 1.61 (2H, m, CH 0 -CH2“
Cl), O.Ct (9H , s, 3 x C H 7“ C ) , 0.01 (6 H, s, 2 x CH-?-Si ) ; 
m/z ( C . T . ) 240 ( 6 ° c. C.l.adduc t , MNH 4 + ), 223 (100%, MH+), 
189 ( -1 % ) , 187 (15%) , 115 (4%) , 91 (7%) .
1 - ( t-Bu ty Idirnethy lsi lox y ) -4 - i odobu tane F114 ] \ 1 u' ‘
Method A.
To a solution of the chlorobutane [113] (6 g, 26 mmol) in 
acetone (250 cm'"'), was added sodium iodide (39g, 260
mmol).The solution was heated at reflux for 16h. The
acetone was removed under reduced pressure and the re­
maining oil taken up in diethyl ether (300 cm3 ) and
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washed with water (3 x 50 cmJ ), 5% aqueous sodium thio- 
sulfate solution (3 x 50 cm3 ) and brine (3 x 50 cm3 ) . The 
solution was dried with magnesium sulfate and the solvent 
removed under reduced pressure. The material was purified 
by silica gel column chromatography (ethyl acetate : 
pet.ether, 1:49) to yield the title compound as a pale 
oil ( 6  „ 5 g , 77%); vm .iV (liquid film) cnTJ 2955-2857 (C-H), 
1256 (Si-CH3 ), 1104 (Si-Q-C), 536 (Si-Q-C); 5H (CDC13 )
ppm 3.59 (2 H , t, 3 J-7.2 Hz, CH?-0), 3.17 (2H, t, 3 J-7.5
Hz, C H 2 - 1 ) , 1.85 (2 H , m, CHo-CH^-0), 1,56 (2H, m,
CHo-CH?-*I) , 0.84 (9H , s, 3 x CH^-C) , 0 . 0 1  (6 H, s, 2  x
CH.. 7 -Si); m./z (E.I.) 315 (3%, M H + ) , 299 (17%), 257 (100%),
227 (4%,), 185 (82%).
Met.hod B ...
To a solution of t-butyldimett.leilylchloride (3 g , 20
mmol).. sodi uni iodide ( 6g , 40 r.-. 1.) and i mi daz ole ( Ig >
1 4 nmol) in acetcmi t rile (40 c ) under' an atmosphere
of nitrogen in the dark, was added tetrahydrofuran (59 
cm0 , 73 mmol ) . The solution was -stirred at 55°C for lOh. 
Water ( ] 00 cid) was then adds-: and the solution was 
ext,ract.ed wi th ethv 1 acetat.e (3 x 50 cni"') . The combined 
organic ext racts tei ■.? 111en washec wi f.h aqueous 5% sodium 
thiosuIfate solution (3 x 20 cnv ) , dilute hydrochloric
“Z
acid (3 x 20 e n d ) and saline solution (3 x 20 cm"'). The 
so 1 u tion was dried w;i t hi sodi.urn sulfate. The sol vent: was
removed under reduced pressure. The residue was purified
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by silica gel column chromatography (ethyl acetate : 
pet.ether, 1:24) to yield the title compound as a pale 
yellow oil (5.23g, 83%).
( 185)
6 ~ ( t-Bu ty Idimethy lsi loxy ) hex-- 1 -y ne [115] .
To a solution of the iodobutane [114] (4.7g, 15 mmol) in
dimethylformamide (50 cm°) under an atmosphere of nitro­
gen, was added 18% sodium acetyl:de solution in xylene 
(8 g, 30 mmol). The solution was stirred at room tempera- 
tu re for 16h. Ice water (30 cmu ) was slowly added and the 
resulting solution extracted with diethyl, ether (3 x 100
7
c m ° ) - The organic portions were combined and washed with 
water (3 x 50 cm'-') and saline solution (3 x 50 cmJ ) and 
dried with magnesium sulfate. T he solvent was removed 
under reduced pressure and the material purified by 
si 1  i ca gel. c.olumn chr o ma tography (ethy 1  acetate : 
pet.et he r , 1:49) to yield the t i 1 1  e cornpou nd as a ye 1 1  ow 
oil (1 . 9 g , 60%); vmax (liquid fiby) err. " 1 2955-2857 (C-H),
5 h (CDC17j)
Hz , 4  J - 2 . 3 Hz , CHo-Ce.C) , 1 . 8 8  ( 1H , t , 4  J~2 . 3Hz , CH=C) ,
x CH.-p.-C),
0 . 0 1  ( 6 H , C?— 5
(92%), 97 (55%), 31 ( 6 57 (100%).
Methyl 7 - ( t-butyldimethylsiioxy)hept-2-ynoate [116]\
( 1.8 6 )
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To a solution of the alkyne [115] (3.18g, 15 mmol) in
tetrahydrofuran (50 cmu ) under an atmosphere of nitrogen 
at -78°C was added 1.6M butlylithium (10,3 cm3 , 16.5 
mmol). The solution was warmed to -20°C over lh., then 
re-cooled to -78°C. Methyl chloroformate (2.13g, 22.5
mmol) was added and the mixture allowed to warm to room 
temperature and then stirred for lh.. The solution was 
quenched with saturated ammonium chloride solution ( 1 0
~z s
cm'"'). The solvent was removed under reduced pressure and 
diethyl ether (100 cm"1) was added- The solution was then 
washed with water (2 x 50 cm°) and saline solution (2 x: 
50 cm ) and dried with magnesium sulfate. The solvent was 
removed and the product distilled under reduced pressure 
to yield the title compound as an orange, sweet-smelling 
oil (l, 8 g, 4 5%); v(Vi ,v (liquid film) cm " 1 2c>56-2358 (C-H), 
223° ( ~ r ), 1 725 • -n ) J .-255 ( 5 ! - C H ‘ ( '1 J - 0 - C ) , 837
(Si-0-C); 5,. (CDC17 ) ppm 3.74 (3H , s, CH,-0) , 3.58 (2H,
t, 3 J "7 .3 H i , C ' ± 2  - 01 , 2.27 (. 2H , t , 3  J - 7 . 0 Hz, CH? -C = C) ,
1.55 ( 4 hi , m, CH? -CH? --CHo“0) , 0.84 (QH , s, 3 x: CH,_~C.),
0.01 (6 H , s,' CH.,--Si) , rn/z (C.l.) 288 (MNH^ + , C.I.adduct,
100%), 271 (48%, M H + ).
Methyl 7 - hydroxyhepi- 2-ynoate [
A solution of the alkyne [116] (i.62g, 6  mmol) in acetic
acid ( 2 0  c m ) , tst r ahydrofuran ( 1 0  c n iv"’) and wate r ( 1 0  
cnr%) was heated at 80°C for 1.5h. Water was added and the 
so 1  u t ion neu t. ra. 1 ised wi th sodi um hyd rogen carbonate. The
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solution was extracted with diethyl ether (3 x 20 cm^) 
and was hied with water (2 x 10 cnr’j and saline solution (2 
x 10 cm'-') and dried with magnesium sulfate. The solvent 
was j-amoved under reduced pressure and the material 
purif ire! by silica gel column chromatography (ethyl
acetate : p e t . ether , .1:9) to yield the title product as a
clear oil (926 trig, 99%) ; vmav (liquid film) cm" 1 3400
(!> r „ U-Hi„ 2952-2870 (C-H), 2237 (0-C) , 1 ? 1 u (C-0), 1258
(C ~ 0 ) , 1076 (C~Q) ; 5j_j (CDCl^) ppm 3.71 ( 3H , s, CH?-Q) ,
5.60 (’ 2! { , t, . A Hz, CHo-OH) , 2.32 (2H, t, V'J = 7„0 Hz,
6];. C yC ) , 1. 72 (l H , br, 0-H.) , 1.62 (4H, m , Qilo ~ Q..bi.r> ~ C H <?—
0 ) ; r.i/z (0 .1 .) 1 74 ( C . I „ adduct, MNK^ ■+ 100%) , 157 ( MH+ ,
48x1,175 (14%).
o - iTe r lie*> 0• a r bony J. hex- 5- y no 1 c ac 1 d [118] -
T o a so 1 u t ion of the alcohol [ 11.7] ( .100 mg , 0  . 6  mrno 1) i n
acetone (5 c m ° ), was added Jones reagent (specified 
be i ore) { 5 crrh';) . The solution was it u  red at room temper-
a tu re f o r lh- Water (20 cm"') was then added and the
soiu l:i oi 1 extracted w:i th ethyl ace Late (4 x 20 c m ° ) . The 
1 > i' g • i"i i. c pu i r. i o i 1 3  wc i ; comb 1 r 1 c ■ 1 a r;■.• x h i -ac f od w 1 1. h half 
saturated sodium carbonate solution (4 x 20 e n d ) . These 
extr ac tx were acidified wi th dilute hydrochloric acid and 
ex t rac t.ed with e t hy 1 acetate (3 x 20 cm0 The combined
organic extracts were washed with water (2 x 20 cm5 ) and
saline solution (2 x 20 cm"5) and dried with magnesium
sulfate. The solvent was removed and the product dis­
tilled under reduced pressure to yield the title compound
12S
a s a c 1 e a r o i 1 ( 5 5 mg, 54%). v a ;< ( 1 i q u i d f i 1 n i) c m ~ 1 3100 
(br, 0-H), 2956 (C-H), -239 (CyC), 17J.2 (br, C~Q, ester, 
C - 0 , ac id ) , 1080 ( C- 0 , ester); 5 H ( C0C 1 -? ) ppm 9 . 51 ( 1H ,
b r , 0-H) , 3 . 76 (3H , s , CH^- 0) , 2.51 ( 4H , rn , CH9-C = 0,
C.H^C = C), 1.60 (2H, m, CH^-CH2“C • 0) ; m/z (E.I.) 171 (5%,
M+), 123 (5%), 1.39 (26%), 137 -76':.), Ill (4.7%), H O
(33%), 97 ( 70%) , 94 ( 39% ) , 77 (1 00% ) , cm. ( 72% ) .
L L ! iy J ] , 2 , 3'. 4 ~ t e t r a 11y d r o — 2 - ( 6- (we i hox y c  ■ r!: 'Ony I) he>< ~ ' ;• - 
yn 1- o y l )-isoquinolIne-3-carboxy1 ate [120] .
To a sol -j r. ion of the acid [ U S ]  (76.5 mg , 0.4 5 mmol) arid 
cyanurio chloride (61.7 mg, 0.53 mmol) in dry ace I; one (5
cm""’ ) under an atmosphere of m  t ro*j ai'i. was added crj e thy- 
lamine (45.7 mg, 0.45 mmol). The solution was si ji i ed at 
room temperature for .1 5h. Sodium oa rbona te (47,7 mg, 
0 ., 45 rnmo 1) and the isoquinoline L67 j (no mg , 0 . 54 mmo 1) 
were then added and the solution stirred a I room hemperu- 
tu re for 15 hi. The triazine was then filtered off and the 
acetone removed under reduced pressure. The remaining red 
oil was then taken up in ethyl ace tato (56 cmv’) and 
washed with .dilute hydrochloric acid (2 x 20 cm ),, sodunn 
c a r b o n a t e solution (2 x 2 0 c m ) a n d s a 1 i n e s o 1 u t. i o n (2 v 
20 The solution was dried with magnesium sulfate.
The solvent was removed under reduced pressure and the 
material purified by silica gel column chromatography 
(ethyl acetate . : pet.ether, 1:19) to yield the title
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compound as a sweet-smelling orange oil (94 mg, 63%); 
vmax (CHB r^ ) cm " 1  2960-2850 (C-H), 2235 (C = C ) , 1706 (C = 0, 
ester), 1640 (C-0, amide), 1079 (C-0, ester); § H (CDC13 ) 
ppm (mixture of diastereoisomers) 7.22 (8 H, m, aromatic 
protons), 5.38 (1H, d d , 3 J=6.0 Hz, 3 J=3.7 Hz, CH-CH2 ),
O O
4.82 (1H, d, °^J~17.4 Hz, CHH-N), 4.78 (1H, m, CH-CH? ),
4.64 (2H , s, CH.2 -N), 4.50 (1H, d, 2J-17.4 Hz, CHH-N),
3 . 99 (4H , m , 2 x CH.2 - 0 ) , 3.69 (3H , s , C_H3 - 0 ) , 3  . 68 ( 3H ,
s, CH.3 -O), 3. ] 7 (4 H , m , 2 x CHo-CH), 2,58 (2H, t, ^ J - 7 . 1  
Hz, CH 2 - C = 0 ) , 2.56 (2 H , t, 3 J-6.9 Hz, CH?- C = 0 ) , 2.43 (4H, 
m, 2 x CH 2 - C = C ) , 1.93 (4H, m, 2 x CH^-CI-U-C-O), 1.05 (3H,
t, 3  J =7,1 Hz, CH 7 "CH-n) , 1.01 (3H , t, 30 = 7.1 Hz, Ch'?-CH^) ; \.j c.. O -d.
m/z (C.l.) 358 (36%, MH+) , 326 (13%), 312 (31%), 298
(4%), 284 (25%) , 2.52 (13%) , 204 (100%), 132 (97%) , 71
(57%).
: . 2 , 3 , 4- 7e t rahvc! \' o •- 2 - (hep t- l-oy 1 - 5--y n-6-oic aci- 
- i soqui nol i ne-5-carboxy! ic acid !' 121'! .
To a solution of the isoquinoline [120] (40 mg, 0.11
m mol) in tetr a h y d r o f u r a n (5 c m" 1) a n d w a ter (5 c in 0 ) w a s
adc!ed sodiurn hyd i' oxi de (1 I mg , 0 . 27 mmol) . The solu tion
was stirred at room temperature for 2 h . The solvent was 
then removed under reduced pressure and the remaining
liquid made acidic with dilute hydrochloric acid. The
solution was extracted with ethyl acetate (3 x 10 cm°). 
These portions were combined and extracted with saturated 
sodium carbonate solution (o x 10 cm"')- The solution was
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acidified with dilute hydrochloric acid and extracted 
again with ethyl acetate (3 x 10 cm3 ). The organic por
tions were then washed with water ( 2  x 1 0  cm3 ) and brine 
(2 x 10 cm3 ) and dried with sodium sulfate. The solvent 
was removed under reduced pressure to yield the title
compound as a pale yellow oil (28.4 mg, 82%); v
(liquid film) cm " 1  3000 (br, 0-H), 2230 (C=C), 1710 (C=0,
acid) 1645 (C=0, amide); 5 H (CDCl^) ppm (mixture of
diastereoisomers) 7.25 (4H, br, 4 x 0-H), 7.10 (8 H, m ,
aromatic protons), 5.34 (1H, d d , ’~'J = 6.0 Hz, 3 J-3.6 Hz, 
CH~CH2 ) , 4.81 (1H, d, 2J-17.4 Hz, CH-H-N), 4.80 ( 1 H, m,
CH-CHo), 4.64 (2H, s, CHo~N), 4.50 ( 1 H , d, 2J~17.4 Hz,
CHH-N), 3.15 (4 H , m, 2 x CHo-CH), 2.55 (4H, m, 2 x C H ?-
C-0), 2.40 (4H , m, 2 x CH?-C-C), 1.87 (4H, m, 2 x
C H 2 -CH 2 - C 0 ) ; m/z (C.l.) 326 (MH4 , 3%), 253 (52%), 246
( 27°- ) _ 1 76 ( 1 00% ) , 132 ( 86% ) ; ( • 3%. ) .
10-Acetoxycarbonyl-l ,2,3,4,9-pen 1;ahydr openta 1 enoL 2 , 3-
a] \ soqu j no line [123].
The isoquinoline [121] (31.5 mg, 0 1 mmol) was dissolved
In acetic anhydride (5 cm'-') and heated at 70° 0 for 3 h . 
The solvent was removed under reduced pressure and the 
remaining oil purified by prepares hive plate chromatogra­
phy (ethyl acetate : pet.ether, 1 :1) to yield the title 
compound as an orange oil (10.9 mg, 37%); v (liquid
film) crn~ 1 2930-2830 (C-H), 1790 (C~Q), 1720 (C-0); 5 H
(CDCl-r) ppm 7.30 (4H, m, aromatic protons), 4.97 (2H, t,
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4 J - 2 . 2  Hz, CH 2 -N), 4.40 (2H, s, CH.2 -C~N), 2.75 (4H, m, 2 
x CH 2 -CH 2 -CH2 ) , 2.46 (2 H , m, CH 2 ~CH 2 - C - C ) , 2.27 (3H, s, 
C H 3 -C=0); m/z (E.I.) 295 (23%, M + ) , 253 (64%), 236 (45%), 
208 (100%); ■" Acc.Mass : Requires 295.12084,
Found 295.12142.
fc-Butyl 2,2 - dimethyl-l,3-dioxen-4-one- 6 -acetate [128].
To a solution of 1,1,1,3,3,3-hexamethyIdisilazane (1 c m ° ,
4.73 mmol) in tetrahydrofuran (5 cm") under an atmosphere 
of nitrogen at 0°C was added 1. 6 M butyllithium (2.95 cm°,
4.73 mmol). The solution was sti. red for' 30 minutes and 
t.hien t.hie ternpe rat.u i*e was r educed to -78° C . 2,2 , 6 - Trimeth- 
y 3 ~1„3-di oxen - 4 ~ o no (. 0 . 61 cm"', 4.78 mmol) was slowly
added and the solution warmed to 0°C over ~9 minutes then 
cooler! to - 78 °C ai'id o;uencinsd wi 1 h dl - t- bu:;:t di carbonate 
( 1 . 03 m.. .73 mmol ) di ssol vec! rn 'ml!' nhyd; c,jr,J! an (2 cm' )
Af te r .1 h a t this len.p s ra tu re  t >ie so' 1 u 1 i •■■>as w-u r med to 
room tempo ra fu t and satu rated ammonium ciduiide solution 
(3 l . : ■ ) was added. The solvent was removed under' reduced
pressure and the remai nder was taken up in et hylacetate 
(20 cm") and washed with water (3 x 3 oid) and brine (3 x 
3 cn:) a.nd d r i e d wi th sodiuin su 1 f ate . The solvent was 
i■ emoved under reduc ed pressure and the product pu r i f ied 
by t ill ca gel col lemn ch rena tog raphy (ethyl acetate : 
p e t .et h e r , 1  : °) to yi el d the ti t.l e compound as a sweet 
smelling orange oil (815 mg, 76%) ; v „  (liquid film)
111 O .X
c m _ x 2960 (C-H), 1725 (C-0), 1630 (C-C), 1270 (C-0-C); 5 H
132
(CDC13 ) ppm 5.22 ( 1 H, s, C H - C = 0 ) , 3.04 (2 H, s, CH.2-C = 0) ,
1.56 (6 H, s, (CH 3 )2 -C), 1.32 (9H, s, . (CH.3 )3 -0) ; m/z
(C.l.) 243 (MH+, 30%), 187 ( 1 0 0 %), 169 (23%). 129 (8 8 %);
C 12H 18°5 : Acc.mass : Requires 242.27122 , Found
242.27106.
2 ,2-Dimethyl-6-deuteriomethyl- 1 ,3-dioxen-4-one [140].
To a stirred solution of 1,1,1,3,3,3-hexamethyldisilazane
T ~Z
(0.05 cmu , 0.24 mmol) in tetrahydrofuran (1.5 cm ) under 
an atmosphere of nitrogen was added 1 .6 M butyllithium 
(0.15 cm'"', 0.24 mmol). After 30 minutes at 0°C the tem­
perature was reduced to -78°C and 2,2,6-trimethyl-1,3- 
dio>:;sn- 4 - one ( 0 . 03 c r n , 0.24 mmol ) . The temperatu re was 
raised to 0°C for 30 minutes and t hen reccolnc! to - 7 8 ° C . 
Deu ter ium oxide ( 0  . Cm cm'’) war ;:hen .mlded v,d the s o l u ­
tion all owed to w&i m to room te? :per a tu r e , Tthyl acetate 
( 2  c ~ m added . • >. d i he solution was hod with water ( 2  x: 
0.5 cut) and brine (2 x 0.5 csid) and dried x-ith sodium 
sulfate.. The material was purified by preparative plate 
c h romatog raphy ( e t hy 1 acetate : pet.. ether , 1:4) to yield 
the title product as a clear oil (21.5 mg, 64%) ; 8 ^
(CDC13 ) ppm 5.24 (IN, t, 3 ~0.74Hz. CH-C-0), 1.97 (2H, m,
CH 2 D), 1.69 (6 H, s, (CH 3 )o-C).
Mono and di-alkylated dioxenone mixture [129], [141],
[142], [143], [144], [145].
1 7? T-I
To a stirred solution of 1,1,1,3,3,3-hexamethyldisilyla- 
zane (0.43cm3 , 1.89 mmol) in tetrahydrofuran (12 cm3 ) 
under an atmosphere of nitrogen at 0°C was added 1.6M
~Z
butyllithium (1.18 cm , 1.89 mmol). The solution was 
stirred for 30 minutes and then the temperature was 
lowered to -78°C. To this [8 8 ] (416 mg, 1.72 mmol) was
added, after which the solution became clear red in 
colour. The solution was warmed to 0°C over 30 minutes. 
The temperature was then lowered to -78°C and propargyl
r ~7
bromide (0.21 c m ° , 1.89 mmol) was added. After warming to
room temperature over 2h the solution was quenched with 
saturated ammmonium chloride solution and the solvent was 
removed under vacuum. The remaining oil was taken up in 
ethiy] acetate (. 50 c m ) and washed wi. thi water ( 3 x 20 c m ° ) 
and brine (3 x: 20 cird) and dried with sodium sulfate. The 
sol vent was removed unde - reduced pressure and the 
product purified by silica gel col lurrm chromatog r aphy 
( ethyl acetate p e t . et he'- , ] ■ J ) to y ; eJ d the fa f 1 e
product as. an orange oil ('• 59 mg) , v . (liquid film) cm 
1 3300 (= C - H ) , 21.10 (CfC) , il740-1720 (C-0, ester and
lactone), 1635 ( C =C), 1205, 1155 (C-0, ester and
lactone)- m/z (F.A..B.) 319 (6 7 c, MH-+) , 281 (25%, MH + ) ,
263 (100%), 167 (29%).
6 - (But -3-yne)- 2 ,2-dimethy1- 1 ,3-dioxen-4-one [146].
Method A
1.6M Butyllithium (8 . 8  cm3 , 14.1 mmol) was added to a 
stirred solution of 1,1,1,3,3,3-hexamethyldisilazane (3 
c m 3 , 14.1 mmol) in tetrahydrofuran (12 cm3 ) under an 
atmosphere of nitrogen at 0°C. After 30 minutes the 
temperature was reduced to -78°C and 2,2, 6 - trimethyl-1,3- 
dioxen-4-one (0.62 cm3 , 4.7 mmol) was added. The tempera­
ture was then raised to 0°C for 30 minutes and then 
recooled to -78°C and hexamethylphosphoramide (5 cm3 ) and 
propargyl bromide (0.52 cm''', 4.7 mmol) were added, during 
which time the solution became cloudy grey/green in 
colour. After 5h the solution was allowed to warm to room 
temperature and quenched with saturated ammonium chloride 
solution. The solvent was removed under reduced pressure, 
ethyl acetate (30 cm"') was added and the solution washed 
with water (3 x 10 cm'*') arid brine (3 x: 10 c m ° ) and dried 
wi th sodium s u 1 f a t e . The so 1 vent was i- e moved ui\der re- 
duced pressure and the materia] puiified by silica gel 
col lurnn chromatography (ethyl acetate : pet. ether , 1:9)
to yield the title compound dS an or angs oil (142 m g , 
17%); vmax (liquid film) cm"x 3290 (CyC-H), 2980, 2910,
2 S 2 0  (C-H), 2140 (C = C ) , 1730-1700 (0=0), 1 6 2 0  (C = C ) , 1270
(C-0-C) ; 5 H (C D C 1 3 ) ppm 5 . 34 ( 1 H , s , CH.-C = 0) , 2.45 -2.38
(4H , m, CH 2 - C H o ) , 2 .03 (1H, s, C = C.-H) . 1.70 (6 H , s, 
(CHt )o -0); m/z (C.l.) 181 (MH+, 100%), 123 (38%);
^10^12^3 : A c c -Mass ; Requires 180.2035, Found 
130.2033.
Method B.
To a solution of [157] (6.12g, 14.6 mmol) in tetrahydrof- 
uran ( 1 0 0  cm5 ) was added 1 .0 M tetrabutylammonium fluoride
7
(29.3 cm , 29.3 mmol) which caused the solution to become 
violet in colour. The solution was stirred at room temper 
ature for 3h after which time t.l.c. indicated that the 
reaction was complete. The solvent was removed under 
reduced pressure and the remaining blue oil taken up in
~7
ethyl acetate ( 1 0 0  cmJ and washed with dilute hydrochlor­
ic acid (3 x 20 cm5 ), water (3 x 20 cm5 ) and brine (3 x 
20 cm^) and dried with sodium sulfate. The solvent was 
removed under reduced pressure and the product purified 
by silica gel collumn chromatography (ethyl acetate : 
pet.ether, 1:9) to yield the title compound a pale 
orange oil (1.7 4 g , 6 6 %).
.,(167)
2 -( 2 -Propynoxy) tet rahyd ropy ran I 153] .
To a solution of propargyl alcohol ( 1 0  e r r , ' - , i 7 1  . 7  mmol) 
and 3 „ £  -di hydr 0 -2 H ~py ran (39.2 c m ", 4 29.9 mmo1) i n di- 
chioromethane ( 1 0 0  cnrJ) at 0 °C was added p -  toluenesu 1 - 
phonic acid monohydi'ate (164 m g , 0 . 8 6  mmol), The solution 
became a clear purple colour and was stirred for 1 h . at 
room temperature. The solution was then washed with 
saturated sodium hydrogen carbonate solution (2 x 50 
cm"), water (2 x 50 cm°) and brine (2 x 50 end) and dried 
with sodium sulfate. The solvent was removed and the 
product distilled under reduced pressure to yield the 
title compound as a clear sweet-smelling oil (23.5 g,
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98%); ''max C1 iciuid film) cm - 1  3280 (C = Cr..H), 2 1 0 0  (C = C) , 
S H (CDC13 ) ppm 4.81 (1H, t, 3 J=3.3 Hz, 0-CHQ ) . 4.27 (1H,
dd, 2  J = 15. 8  Hz, 4 J=:2.4 Hz , CHH-Ce.C) , 4.22 (1H, d d ,
2 J = 15.8 Hz, 4J = 2.4 Hz, CHHC = C ) , 3.82 ( 1 H, m, 0-CHH-CH2 ) ,
3.53 (1H, m, 0-CHH-CH2 ), 2.40 (1H, t, 4 J=2.4 Hz, C H - C = C ) , 
1.8-1.5 (6 H , m, CH.2 -CH 2 -CH 2 -CH) ; m/z (E.I.) 139 (10%),
101 (7%), 85 (100%), 55 (61%), 39 (77%); C 8 H 1 ;L0 2  :
Acc.Mass : Calculated 139.07590, Found 139.07595.
2 -( 3 - ( t-Butyldiphenylsilyl)- 2 -p ropynoxv)tet rahydropyran 
[1.54]
To a stirred solution of - J . 6 M butyl lithium (5., 92 c m u , 9.4
m m o 1 ) in t e t r a h ydr o f u r a n (1 0 c nrp;) u n d e r a n a t m o s p h e r e o f 
i’i i t rogen at - 78° C was addsd 2- ( 2—propynoxy ) tet r ahydropy- 
r an ( 1 . 32g , 9.4 mmol .) . At ter 20 r.iinutes t-bu t.yldi phenyl - 
s i 1 y 1 chi or i de (2.4 c .'-y 9 . ^  mmol ) was added and stirring 
was continued at t h •-/ temperature for a further 2 h„ The 
solution was warmed to room temperature over lh and then 
quenched with saturated ammonium chloride solution,. The 
solvent was removed under vacuum. The remainder was taken
-7
up in dichloromethane (50 cm'"') and washed with water ( 2  x 
2 0  cm':') and brine so] ution ( 2  x 2 0  cm'i) and dried with
sodium sulfate. The solvent was removed under reduced 
pressure and the crude product purified by silica gel 
collumn chromatography (ethyl acetate : pet.ether, 1:19) 
to yield the title compound as a clear sweet-smelling oil 
(3.40g, 95%); vmax (liquid film) c m - 1  2150 (C=C), 1110
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(Si-phenyl); § H (CDC13 ) ppm7.79 (4H, m, meta aromatic 
protons), 7.40 (6 H, m, ortho and para aromatic protons),
4.81 (1H, t, 3 J = 3 .3 Hz, 0-CH-0), 3.98 (1H, d, 2J=15.8 Hz, 
CHH-C = C) , 3.94 (1H, d, 2J=15.8 Hz, CHH-C-.C) , 3.81 (1H, m,
0-CHH-CH2 ) , 3.51 (1H, m, O-CHH-Cf-U) , 1 .8-1.5 (6 H, m, CH0~
0 H o-CH~-CH), 1.11 (9H , s, 3 x ( CH ^  ) 7~C )rn/z (E.I.) 321z:....~\t~ •._»
(57%), 221 (55%), 139 (100%), 123 (28%), 115 (46%), 57
(69%); C2qH210oSi : A c c .Mass : Requires 321.13108,
Fo u nd 321.12763.
(188)
3-(t-ButyldiphenyIsilylj-2-propyn~l-ol [155J.
A solution c•f' 2- (3- ( t-bu ty 1 dipheny 1 si 1 y 1 )-2-
p ropyno x y ) t e t r a h y d r o p y r a n ( ■ g, 2.64 o-.cd ' in ac - t i.c acid 
(8 >2!, ' • ; tet rahydi c fru , an (4, cp'"’) and o.-pei ■- ) wa-.
stir rec1 at 50 °C f •' 4h. 7 he solvent woo removed under
V 8 C U L ! i r , i - l i i l C !  t . - ‘ i 2:' \  ; 2  T ■ . ’ : I*',!'1 3. -']{ h  I.J j'.‘: ; ! ! :r.‘ •!'- ! 1 ' t C ;^  c- ~V. "t-cj
(30 ' ) and washed 01 th siturn. ted sodium hydrogen car­
bonate solu t : oil (2 20 u i a n d  bri ne (2 20 crd) and
dried with sodium sulfate. The solvent was removed under 
reduced pressure and the crude product purified by silica 
gel collumn c hruD.ma i eg raphy (ethyl acetate : pet., ether,
1 -.9) to yield 1 he title compound as a sweet-smel 1 ing 
orange oil (690 mg, 89%); v (liquid film) cm" *' 3400
(br, 0-H), 2150 (C-C), 1100 (Si-phenyl); 5 H (CDCI3 ) ppm
7.81 (4H, rn, meta aromatic protons), 7.41 (6H, m, ortho
and para chromatic protons), 4.44 (2H, s, C.Ha>-C=_C) , 1.91
(1H, s, 0-H), 1.12 (9 H , s, 3 x CH^-C); m/z (E.I.) 237
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(100%), 115 (43%); c i5H 130 S  ^ : A c c .Mass : Calculated
237.07357, Found 237.07522.
l-Bromo-3-(£-butyldiphenylsilyl)-2-propyne [156].
To a solution of 3 - ( t-butyldiphenylsilyl)-2-propyne-l-ol 
(lg, 3.4 mmol) and pyridine (0.01 cm'"') in dry ether (4 
cm1"') under an atmosphere of nitrogen was added phosphorus 
tribromide (0.13 cm"', 1.3 mmol) dropwize. The solution 
was stirred at room temperature for 2 h . It was then 
poured onto ice. Ether (10 crn~) was then added and the 
organic poi't.ion was washed with satu rated sodium hiydrogen 
carbonate solution (2 x 5 cm°) , water (2 x 5 cm'"’) and
brine (2 x 5 cm'") and dried with sodi um sulfate. The
sol vent was- removed under reduc.ec! pressure and f! r 
Pioduct was pu i I ■ b:;2 hy silica a.-] colluwn chromatooi ash'-' 
(ethyl acetate . pet . ether , 1:1-') to yield the t i 11 >•
compound a" a ye }].•.■„. ■ . • f . 0'd; , ’a d  ; v...... (liquid film’'
end 2150 (C-.C), ltd? '%i~ehsny2 ■ . 700 ( 0 - • ■ • 5,, (C0C1-,'  ' ’ ■ j . * - . , n .
ppm 7 S 1 ( 4H , m , met a arorna11 c proton?) , 7.42 (6M , m ,
ortho and para aromatic protons), 4.02 (2H, s , CH.o~C.= C) ,
1.15 (91-!, s , 3 x CK-r-SJ); w/z (C.l.) 302 (76%), 300
(18%), 299 (73%). 277 (27%), 239 (44%), 199 (100%);





To a solution of 1 , 1 , 1 ,3,3,3-hexamethyldisilazane (0.69 
c m 3 , 3.3 mmol) in tetrahydrofuran (5 cm3 ) under an atmos 
phere of nitrogen at 0°C was added 1.6M butyllithium 
(2.06 cm3 , 3.3 mmol). The solution was stirred for 30 
minutes and the temperature was then reduced to -78°C. 
2,2, 6 -Trimethyl-1,3-dioxen-4-one (0.39 cm3 , 3.0 mmol) was 
added dropwize and the solution warmed to 0°C over 30 
minutes. It was then cooled to -78°C and l-bromo-3( t -  
butyldiphenylsiIvl)-2-propyne (745 mg, 2.1 mmol) was 
added. The solution was allowed to warm to room tempera­
ture over 2h. The solution was quenched with saturated 
ammonium chloride solution (5 cm0 ) and the solvent was 
removed under vacuum. The remainder was taken up in ethyl 
acetate (25 cm3 ) and washed with water (2 x 10 cm'~) and 
brine solution ( 2  x 1 0  e n d ) and dried with sodium sul-
the p! obuct purified by silica; yel collunn ch r o natOQ raphy 
(ethyl act11.ate ; pet .ether , i; 19) to yield the title 
compound as a colourless oil (70Q mg. Sib); vy .... (liquid 
film) c m " 1 2160 (C = C ), 1735 (0=0), 1630 (C=C), 1200 (C-0- 
C); m/z ( + F.A.B. ) 419 (8%, M H + ) , 361 (49%), 341 (100%),
303 (22%) , 283 (26%), i (- f-butyl group)
Acc.Mass : Requires 361.1260, Found 361.1266.
Methods towards the acylation of 6 - ( 4 - ( t-butyldiphenyl 
s ilyl)-3-butyne)-2,2 - dimethyl-l,3-dioxen-4-one.
To a stirred solution of the dioxenone [157] (100 mg,
140
0.239 mmol) in tetrahydrofuran (3 cm3 ) under an atmos­
phere of nitrogen was added sodium hydride (6.8 mg, 0.286 
mmol). After 2h stirring at room temperature di-t-butyl 
dicarbonate (52.2 mg, 0.239 mmol) was added. The solution 
was stirred for 24h but mini work up and t.l.c at this 
stage revealed only starting material to be present.
To a stirred solution of 1,1,1,3,3,3,-hexamethyldisila- 
zane (1 cmu , 0.47 mmol) in tetrahydrofuran (2 cm ) under 
an atmosphere of nitrogen at -78°C, was added 1 .6 M butyl-
"T
lithium (0.29 c m s ° , 0.47 mmol). After raising the ternpei—  
ature to 0°C for 30 minutes, it. was reduced to -78°C and 
the dioxenone [157] (98 mg, 0.235 mmol) was added. The
temperature was raised to 0°C for 30 minutes then re-
cooled to -78° C and ethyl ch]orofornate (0.023 cr \  0.235 
mmol) was added. After stirring at this terperafuie for
2 h the solution was warms.- \ o room tempoi ature over lh.
Work up showed that only s tar ting material was p r e s e n t .
To a stirred solution of the di oxen one [ 157] (100 rng,
0.239 mmo 1 ) i n t e t r a h y d r c* f u r a n (3 c s. s ° ) u n d e i • a n a t m o s - 
phere of nitrogen at room temperature was added sodium 
hydride (6 . 8  mg, 0.239 mmol). After 2h a pellet of solid 
carbon dioxide was added., dini work up at this stage 
revealed only starting material. A further pellet of 
carbon dioxide was added but work up after 5h (quenching 
with saturated ammonium chloride solution) again revealed 
only starting material to be present.
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6- (But-4-( t-butyldiphenylsilyl)-l-deuterio-3-yne)-2,2- 
dimethyl-1,3-dioxen-4-one [159].
To a stirred solution of 1,1,1,3,3,3-hexamethyldisiyla- 
zane (0.05 cm3 , 0.24 mmol) in tetrahydrofuran (1.5 cm3 ) 
under an atmosphere of nitrogen at 0°C was added 1.6M 
butyllithium (0.15 cm3 , 0.24 mmol). The solution was 
stirred for 30 minutes and the temperature was then 
lowered to -78:°C. To this the dioxenone [157] (100 mg,
0.24 mmol) was added and the solution warmed to 0°C over 
30 minutes then recooled to -78°C. Deuterium oxide (0.01
~r
cm°) was then added and the solution warmed to room 
temperature. Ethyl acetate (1.5 cm~') was added and the 
solution washed with brine ( ?  >•: 0.5 cm'~>) and dried with 
sodiurn sulfate. The solvent was removed under reduced 
pressure and the mater i.O purified by silica gel collumn 
chromatography (ethyl acetate . cel. ether', 1:19) to
yield the title compound as a colourless oil (83.7 mg, 
83% ) , 5 ,.j (CDC1?) ppm 7 . 7G-7 . ( 4H , m , rneta aromatic
protons), 7.39-7.34 (4 H , :, ortho and para aromatic
protons), 5.40 ( 1 H , s , CH - 0 = 0), 2.70-2.65 ( 1H , m , CH.- CH - ) , 
2.55 ( 2 H , d, 3 J=6.2 Hz, CHo-CHD), 1 . 6 6  (6 H, s, (CH 3 )r-C- 
0), 1.07 (9H , s, (CHT )--C-3i ) .
Ethyl 2 - (hept-6-yne-l,3-dione)-l,2,3,4,tetrahydroisoqui- 
noline-3-carboxylate [163].
A solution of the isoquinoline ester [67] (200 mg, 0.97
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mmol) and the dioxenone [146] (175 mg, 0.97 mmol) in
xylene (5 cm3 ) was refluxed for 3h during which time the 
solution became orange in colour. The solvent was removed 
under reduced pressure and the remaining oil purified by 
preparative plate chromatography (ethyl acetate 
pet.ether, 1 :1 ) to yield the title compound as a yellow 
oil (200 mg, 63%) ; vma>< (liquid film) cm - 1  3260 (e.C-H), 
2980-2880 (C-H), 2230 (C=C), 1740-1720 (C=0, ester and
ketone), 1630 (C=G, amide), 1340, 1050 (C-0) ; 5 H (CDCI 3 )
ppm (mixture of diastereoisomers) 7.23-7.10 (8 H, m,
aromatic protons), 5.47 (1H, dd, ^J=5.8 Hz, 3 J =3.3 Hz, 
C H - C H 2 ), 4.93 (1H, d, 2J=17.6 Hz, C H H - N ) , 4.84 (1H, d d , 
3 J=5.5 Hz, 3 J- 3.1 Hz, CH-CH2 ) , 4.67 (2 H , s, CH 2 - N ) ,
4.15-4.01 (4 H , m, 2 x CH? - 0 ) , 3.67 (2H, s, CH 2 - C = 0 ) , 3.62
(2H , s, CH.o-C-0), 3.4 1.-3.10 (' •' ; m , 2 x OH^-O-H ) , 2.41
(2H, t , J •- 7  . 1 Hz, C~ 0) . 2.38 ( 2M , t , 30 -* 7 . 1 Hz,
CHo-CH.o-C-0) , 2.24-2.16 (4H, rn, 2 x ChU-CnC), 2.06 ( 1 H ,
t z Hz ru-r-r '1 o nz ( 1 r A .t -r ~ • u? ru-r-c:'1•> ’ 1 1 4 . ,  "•  - ..< ? —  - - •- J ■   ■■   - ;  J
1.17 (3!-!, t, 3 J ~ 7 . .1 Hz, CH-r - C'-7,) , .1 13 ( 3H , t , 3J = 7. 1
Hz , CH3 -CH0 ) ; m/z (E.I.. ) 327 (ZH-, 7%), 204 (78%), 132
(.100%) ; C 1 C?H2 lN0 4 : Acc. Mass : Requires 327.14706,
Found 327.14102.
2 - (Hept-6 -yne-1,3-dione)-1,2,3,4-tetrahydroisoquinoline-
3-carboxylic acid [164].
To a solution of the isoquinoline ester [163] (lOOmg, 0.3
—? -7
mmol) in tetrahydrofuran (3 cir.°)and water (3 cmJ ) was
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added sodium hydroxide (30 mg, 0.75 mmol). After stirring 
at room temperature for 1.5h the solvent was removed 
under reduced pressure and the solution was made acidic 
with dilute hydrochloric acid. This was extracted with 
ethyl acetate (3 x 10 cm3 ). These portions were combined 
and extracted with sodium carbonate solution (3 x 10 
cm^). These combined extracts were acidified with dilute 
hydrochloric acid and extracted again with ethyl acetate 
(3 x 10 cm3 ). The combined organic portions were washed 
with water (3 x 5 cmu ) and saline solution (3 x 5 cm"'')
and dried with sodium sulfate. The solvent was removed 
and the product distilled under reduced pressure to yield 
the title compound as a pale yellow oil (7*3.. 6 mg, 83%);
v (liquid film) cm ~ 1 3200-2700 (C-M a nd (0- H ) , 2230
(C.r.C), 1720-1710 (0 = 0, ketone and acid), 1635 (C = 0,
amide), 1340, 1050 (C-0) ; 8 ,_| (0DC1 x) ppm (mixtu re of
c!i act c r eoi some rs ) 7.25-7.12 (8H, m , aromatic protons),
6. Q9 (2H, br , 2 x 0-H), 5.52 (1H, d d , 2 Hz , . 5
Hz, CH-CM/-0 , 4.92 (1H, d, 2J=17.6 Hz, CHH- N ) , 4.86 (1H,
m, CH-CHo), 4.67 (2H, s, CHo-N), 4.51 (IK, d, 2J~17.6 Hz,
CHH -N ) , 3.68 (2 H , s , ChU-C-0), 3.64 (2 H , s , CH?-C = 0),
3.45-3.12 (4H , m, 2 x CHo-C-N), 2.41 (2H, t, 3J=6.9 Hz, jC.
CH? CH2 - C = 0 ) , 2.38 (2H, t, 3J=7 . 1 Hz, CH^-CHb,-0 = 0), 2.25-
2.15 (4H, m, 2 x Cj±2-C = C), 2.05 (1H, t, 4J=2.4 Hz, CH-
C = C), 2.02 (1H, t, 4J=2.1 Hz , C H - C = C ) ; m/z (C.I) 300
(MH+, 100%), 162 (33%).




A solution of the isoquinoline ester [67] (0.5g, 2.43
7
mmol) and the dioxenone [126] (0,31 cm°, 2.43 mmol) was
refluxed in toluene (10 cmJ ) for 5.5h, during which time 
the solution became dark brown in colour. The solvent was 
removed under reduced pressure and the material purified 
by silica gel collurnn ch romatog raphy (ethyl acetate 
pet. ether, 1 :1 ) to yield the title compound as a pale
orange oil (433 mg, 62%) ; vmax (liquid film) cm"** 2880-
2820 (C-H), 1715 (0 = 0, ester), 1620 (C = 0, amide), 1020
(C-Q) ; 5 m (CDCl-y) ppm (mixture of d i as te r eo i some r s )
7.23-7.12 (8 H, aromatic pr o t o n s ) , 5.47 (1H, d d ,
3  J ~ 5 . 86 Hz , CH-CHn) , 4.0,1 (1H , d, 17 .6 Hz , CHH - H ) , 4.23
( 1H , dd, •*'J - 5 . 5 Hz, 3 J~2.9Hz , CH-Ci*U) , 4 .65 (2H , s, CHS? ~
M), 4 . 55 (1H, d, “ J -17 . 6  Hz, CH.H-N) , 4 . 12-4,00 (- H , m, 2
x QH.o-0) , 3.68 (2H , s, CM.r~C~0), 3.61 (2H, s, CHo“C = 0) ,
3.38-3.09 (4 H , m, 2 x CHo-C-N), 2.32 (3H, s, CK 3 -C=0) ,
2.30 (3 H , s, C H t-C=0), 1.13 (3H, t, 3 J~6.7 Hz, C H 7 -CH0 ),
1.08 (3 H , t, 3J = 7 .3 Hz, CH 3 -CH2 ) ; m/z (E.I.) 289 (18%),
204 (81%), 132 (1100%) ; C ^ H - ^ N O ^  : Acc.Mass : Requires
289.3304 , Found 289.3330.
Method 8 .
A solution of the isoquinoline ester [67] (0.5g, 2.43
145
mmol) and the dioxenone [126] (0.31 cm3 , 2.43 mmol) in 
xylene (10 cm3 ) was refluxed for lh, during which time 
the solution became orange in colour. The solvent was 
then removed under reduced pressure and the material 
purified by silica gel collumn chromatography (ethyl
acetate : pet.ether, 1 :1) to yield the title compound as
a pale orange oil (586 mg, 83%).
Ethyl 4,9-dihydro-3-methyl-l-phenylpyrrolofl ,2-£>] isoqui 
noline-2-carboxylate [168].
The. isoqui noline acid [91] (159 mg, 0.9 mmol) was added
to a stirred solution of ethyl phenyl propiolate (37 ml, 
2.25 mmol) in acetic anhydride (10 crrT') . The solution was 
heated at 8 0 °C for S h . Du ring this time the solution
became yellow in colour. The solvent was removed under
■'educed pressure and the remaining oil was pen if.Led by 
silica gel column chromatogr ap hy (ethyl a c e t a t e : pet.
e t h e r , 1 : 9  to !••<£) to yield the title compound as a
yellow oil (166 mg, 56%): (liquid film) cm 1 2950
(C-H), 1680 (0=0), 1050 (C~0), 740 (C~H); 5 H (CDCI 3 ) ppm
7.42-7.21 (9H, m, aromatic, protons), 5.01 (2H, s, CH.o~N) ,
4.10-4.057 ( 2H , rri, CHo~CH T ) , 3.93 ( 2H , s , b r , C H C -  N ) ,
2.66 (3 H , s, C.H3 -C-N) , 1.09-1.01 (3H, m, C H 3 -CH 2 ~0) ; m/z
(E . I ) 331 (M+, 10%), 316 (17%), 302 (7%), 271 ( 1 2 %'), 258
(12%), 105 (96%), 77 (100%), 29 (96%); C 2 0 H 1 6 N 2  :




The isoquinoline acid [91] (159 mg, 0.9 mmol) was added
7
to a solution of 3 butyn-2-one (1.8 cmu , 2.25 mmol) in 
acetic anhydride (10 cm'3). The mixture was stirred and 
heated at 130°C for l„5h. The solvent was removed under 
reduced pressure and the remaining material purified by 
silica gel preparative plate chromatography (ethyl aceate 
: pet.ether, 1:3) to yield the title compound as an
orange oi 1 (144 mg, 71 %) ; v'm ..v (liquid f:. 1 m ) cm ~  L 2940 
(C-H), 1660 (C - 0), 74 5 (O  H ) ; 8 H (CD C 1,) ppm 7.32-7.24
( 4H , rn , aromtic p rotons), 6.32 ( 1H , q , J 0 . 9 Hz ,
CH-CCH-,), 4.95 (2 H , s, O U ~ N ) ,  4.44 (2H, s, br, C H U - O N ) ,
(t./t ( r . I ) 225 ( M-*- , 100°:), 182 (2-‘% ) j C ir;!t r- • !0 :
Requires 225.11576. Found 225.11226.
1  : "i q -ms thvl - 1 pn>
<1 i r i *:
A solution of the tetrahydroisoquinoline acid [91] ( 8 8  
mg, 0.5 mmo 1.) and benz y 1 i denema 1 ononi t r i 1 e (185 rng , 1. 2 
mmol) in acetic anhyd! ide (25 cm'J) was heated to reflux 
under an atmosphere of nitrogen for 2 h . During this time 
the solution became orange. The solvent was removed under 
reduced pressure and the material purified by silica gel 
column chromatography (ethyl acetate : pet ether, 1:4) to 
yield the title compound as an orange oil (109 mg, 77%);
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v'max (CHBr3 ) cm-1 2214 (C=N), 743 (C-H); 5 H (CDCI3 ) ppm
7.45-7.27 (9H, m, aromatic protons), 5.02 (2H, brs, CHo~ 
N), 4.23 (2H, brs, CH.2-C = C) , 2.37 (3H, s, CH_3-C = C) ; m/z
(E . I ) 284 (100%, M+), 269 (74%), 207 (7%); C2QH16N2 '■ 
Acc.Mass : Requires 284.1313, Found 284.1314.
1,2,3,4-Tetrahydr0-2-acetyl-isoquinoline-3- 
carboxylic acid [174].
To a solution of the isoquinoline [91] (354 mg, 2 mmol) 
in dilute sodium hydroxide solution (2 crfd) . was added 
acetic anhydride (2 crn°). The solution was stirred for 
Ih. at room temperature. Dilute hydrochloric acid (2 crn~) 
•was added and the solution extracted with ethyl acetate 
(3 x 5 cm°) and washed with water (2 x 5 cr-'"‘) and sal ins 
sol iif ion ( 2 x 5  cm'-') and dried with yagnes iu=' sulfate. 
The solvent was removed under reduced pressure and the 
P r oduc t c ry s t a 11 ized from ethano 1 to  y  i 0  1 d the ti tie 
compound as a whit e solid (4 07 mg , 93% ) ; vriav ( nu jo 1
mull) c m " 1 2600 (0-H), 1725 (C=0, acid), 15^0 (C = 0, 
amide); 5 ^ (CDC17 ) ppm (mixture of diastereoisomers)
12.44 (2 H , br, s, 2 x 0-H) , 7.20 (SH, nr., aromatic pro­
tons) , 5.17 (1H, dd, 3J -5.7 Hz, 3J-3.6 Hz, CH-CH2 ), 4.85 
(1H, d, S2J=17.5 H z , CHH-N), 4.63 (1H, m, CH-CH? ), 4.60 
(IH, d, 2J -15.0 Hz, CHH-N), 4.54 (1H, d, 2J=15.0 Hz, CHH- 
N), 4.43 (IH, d, 2J = 17.5 Hz, CHH-N), 3.20 (4H, m, 2 x
C H 2-CH), 2.14 (3 H , s, CH3-C = 0), 2.08 (3H, s, CH_3-C = 0) ; 





To a solution of the isoquinoline [91] (88 mg, 0.5 mmol) 
in dilute sodium hydroxide solution (2 cm3 ) under an 
atmosphere of nitrogen at 0°C was added benzyl chlorofor- 
mate (93.8 mg, 0.55 mmol). The solution was stirred for 
Ih. and then made acidic with dilute hydrochloric acid (2 
crn°) and extracted with ethyl acetate (3 x 5 cm''). The
combined organic extracts were then washed with saturated
T
sodium hydrogen carbonate solution (2 x 3 cm''), water (2 
>■: 3 c m 0 ) and saturated saline solution (2 x 3 cm^) and
dr '• ed with magnesium sulfate. The solvent was removed 
u nde r r educed p ressu re and t Ob r e •"■•ai ni no oil purified by
•t i 1. i c gel colu r- v o h r o r ■ : o g r a ph y ( o f h y * c e t a t c 
pet .ether , 1 : 3 s) to yield t he f j tie conpcund as a swset~
smelling clear oil (86 mg, 58%); v  (C-Pr?) c tOi no
(br, 0-H ) 1716 (C=0, acid ) 1697 (C = 0, amide); 5.. (CDCl-O 
ppm (mixture of diastereoisomers) 7.67 (2H, br, 2 x 0-H),
7.4-7.0 (18H, rn, aromatic protons), 5.19 (5 H , m, 2 x CH.2 ~ 
0, CH-CH2 ) , 4.96 (I H , d d , 3J = S .7 Hz, 3J ~ 5 .1 H z , C H - C H o ) , 
4.77 (IH, d, 2J = 15.5 Hz, CHH-N), 4.55 (3H, m, CH.2 -N , CHH - 
N), 3.20 (4H, m, 2 x CHo-C-N); m/z (PDT0F) 334 (17%,






A solution of formic acid (0.55g, 12 mmol) and acetic 
anhydride (1.02g, 10 mmol) was heated under an atmosphere 
of nitrogen at 60°-C for lh. The isoquinoline [91] (104
mg, 0.59 mmol) was added and the mixture heated at 60°C
for 2h. The solvent was removed under reduced pressure
and the remaining oil purified by preparative plate
chromatography (ethyl acetate : pet.ether, 3:1) to yield 
the title compound as white crystals (32 mg, 26%); v v 
(CHBr3 ) c m ' 1 1740 (C-0, acid), 1669 (C-0, amide); .5 H
(CDCl-r) ppm (mixture of diastereoisomers) 9.83 (2H, br, 2 
x 0 - H ) , 8.32 (IH, s, H-C-0), 8.23 (3H, s, H - C = 0 ) , 7.20
( 8H , n , a roina tic protons), 5.29 (3 H , dd , J  ~5 . 8 H z ,
'•'■J-'S . 0 Hr, CH ~ CH /-"i ) , 4.98 (2H, d . 2 J = 3 6 . 7 Hr . CHH-N), 4.70
(IH, d, 2 -7 -15. 4 Hz, CHH --: ) , 4.65 (IH, m , CH-CS-U) , 4.55
(IH, d, 2J-15.. 5 Hz, CHH-N), 4,4 6 (j. H , d, *\t ~ 16.7 Hz, CHH- 
N), 3.21 (4H , m, 2 x CfcU-CH); m/z (C.I.) 206 (71%, MH + ), 
160 (32%), 132 (5%), 79 (100%).:
Dimethyl-4 , 9-di hydropy r rolo [ 1, 2-•£>] isoqui nol i ne-1, 2- 
di car boxy late [180]
A solution of the amide [178] (26 mg, 0.126 mmol) and 
dimethylacetylene dicarboxylate (21 mg, 0.152 mmol) in 
acetic anhydride (5 c m 5 ) under an atmosphere of nitrogen 
was heated at 70°C for lh. The solvent was removed under
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reduced pressure and the remaining oil purified by p r e ­
parative plate chromatography (ethyl acetate : pet.ether, 
1:3) to yield the title compound as a yellow oil (19 mg, 
54%); vmax (CHBr3 ) cm " 1  1718 (C=0), 1064 (C-0); 5 H
(CDCl-y) ppm 7.25 (4H, m, aromatic protons), 6.39 (1H, s, 
CH-N ) , 5.06 (2 H , s , CH 2 - N ), 4.30 (2 H , s , C H ^ - C - N ), 3 . 8 8  
(3H, s, CH 3 -O), 3.82 (3 H , s, CH.3 -0); m/z (C.I) 286 (100%, 



















Gellert, M., Ann.Rev.Biochem., 50, 879 (1981).
Wang, J.C., Ann.Rev.Biochem., 54, 665 (1985).
Wang, J.C., Biochim.Biophys.Acta, 909, 1 (1987)
Liu, L.F., CRC.Crit.Rev.Biochem., 15, 1 (1984).
Zhou, B.S.; Bastow, K.F.; Cheng, Y.C., Cancer Re 
search, 49, 3922 (1989).
Champoux, J.J., Proc.Natl.Acad.Sci., 74, 3800
(1977).
Champoux, J.J., J.Biol.Chem., 256, 4805 (1981). 
Prell, B.; Vosberg, H.P. Eur. J .Biochem. , 10.8, 389 
(1980) .
Wang, J.C., J.Molec.Biol. , 43, 263 (1969).
Liu, F.C.; Wang, J.C., Proc.Natl.Acad.Sci.U.S. A. ,
84, 7024 (1987).
W u , H.Y.; Shyy, S.H.; Wang, J.C.; Liu, L.F. Cell,
53, 433 (1988).
Zhang, H.; Wang, J.C.; Liu, L.F.,
Proc.Natl.Acad.Sci.U.S.A., 85, 1060 (1988).
Tsao, Y.P.; W u , H.Y.; Liu, L.F., Cell, 65, 111
(1989).
Tsai-Pflugfelder, M.; Liu, L.F.; Liu, A.A.; Tewey, 
K.M.; Whang-Peng, J.; Knutsen, T.; Huebner, K.-, 
Croce, C.M.; Wang, J.C., Proc.Natl.Acad.Sci.U.S.A.,
85, 7177 (1988).
Rowe, T.C.; Chen, G.L.; Hsiang, Y.H.; Liu, L.F., 
Cancer Research, 46, 2021 (1986).















leider, R.S.; Nichols, M.; Kohn, K.W., Biochemistry, 
2.0, 6553 (1981).
Miller, K.G.; Liu, L.F.; Englund, P.T.,
J.Biol.Chem. , 2.56, 8334 (1981).
Liu, L.F.; Liu, C.C.; Alberts, B.M., Cell, .1.9, 697 
(1980).
Marini, J.C.; Miller, K.G.; Englund, P.T.,
J. Biol . Chem. , 255, 4976 (1980).
Yang, L.; Wold, M.S.; Li, J.J.; Kelly, T.J.; Liu, 
L.F., Proc. Natl „Acad„ Sci .U.S.A. , 8.4, 950 (1987). 
Ross, W.E.; Glaubiger, D.L.; Kohn, K.W., 
Biochim.biophys.Acta. , 51.9, 23 (1979).
Ross, W.E.; Glaubiger, D.L.; Kohn, K.W., 
Biochim.biophys.Acta. , 5.6.2, 41 (1979).
Nelson, E.M.; Tewey, K.M.; Liu, L.F.,
Proc. Natl .Acad. Sci .U.S. A. , 8.1., 1361 (1984).
Tewey, K.M.; Chen, G.L.; Nelson, E.M.; Liu, L.F., 
J.Biol. Chem. , 2.5.9, 9182 (1984).
Tewey, K.M.; Rowe, T.C.; Yang, L.; Halligan, B.D.; 
Liu, L.F., Science, 2.26, 466 (1984).
Ross, W.E.; Rowe, T.C.; Glisson, B.; Yalowich, J.; 
Liu, L.F., Cancer Res., 4.4, 5857 (1984).
Monicha, A.; Long, B.H., Biochem.Biophys.Res.Common. 
, 4.4, 5857 (1984).
Zwelling, L.A.; Michaels, S.; Brickson, L.C.; Ungei—  
leider, R.S.; Nichols, M.; Kohn, K.W., Biochemistry. 
, 20, 6553 (1981).

















Ross, W.E., Proc.Am.Ass.Cancer Res., 26, 340 (1985). 
Nelson, E.M.; Tewey, K.M.; Liu, L.F.,
Proc.Natl.Acad.Sci.U.S.A., 81, 1361 (1984).
Rowe, T.C.; Chen, G.L.; Hsiang, Y.H.; Liu, L.F., 
Cancer Res., 46, 2021 (1989).
Covey, J.M.; Kohn, K.W.; Kerrigan, D.; Tilchen,
E.J.; Pummier, Y., Cancer Res., 48, 860 (1988). 
Hsiang, Y.H.; Hertzberg, R.; Hecht, S.; Liu, L.F.,
J. Biol .Chem. , 2.0.6, 14873 (1988).
Li, G.C., N.C.I.Monogr. , 4, 99 (1987).
Kupfer, G.; Bodley, A.; Liu, L.F., N.C.I.Monogr.,
4, 37 (1987).
Schneider, E.; Lawson, P.A.; Ralph, R.K.,
Biochem. Pharmacol. , 3.7, 745 (1988).
Chou, K.C.; King, C.K.; Ross, W.E.,
Biochem.Pharmacol., 37, 1117 (1988).
Liu, L.F., Annu.Rev. Biochem. , 5.8, 351 (1989).
Cain, B.F.; Atwell, G.J., J. Med. Chem. , .1.9, 1124
(1976) .
Baguley, B.C.; Denny, W.A.; Atwell, G.C.; Cain, B.F. 
, J. Med. Chem. , 2.4, 520 (1981).
Baguley, B.C.; Cain, B.F., Mol.Pharmacol., 22, 486 
(1982).
S c h m o l , H., Cancer Treatment Rev., 9, 21 (1982). 
Long, B.H.; Brattain, M.G., "Etoposide (VP-16): 
Current Status and developments", Academic, N.Y. pp 
63-86.
Wall, M.E.; W a n i , M.C.; Cook, C.E.; Palmer, K.H.;
154
MePhail, A.T.; Sim, G,A., J.Am.Chem.Soc., 88, 3888 
(1966).
45. Suffness, M.; Cordell, G.A., "The Alkaloids ; 
Chemistry and pharmacology", Vol. 25, Academic 
press, Orlando FI., 1985, p 18.
46. Govivdachari, T.R.; Viswanathan, N., Indian J.Chem.
, 10, 453 (1972).
47. Tafur, S.; Nelson, J.D.; Delong, D.C.; Svoboda, G.H. 
Lloydia, 39, 261 (1979).
48. Gunsekera, S.P.; Badaw, M.M.; Cordell, G.A.; Farns 
worth, N.R.; Chitnis, J., J.Nat,Prod, , 42, 475 
(1979).
49. Hutchinson, C.R., Tetrahedron. , 37, 1047 (1981).
50. Wenkert, E.; Dave, K.G.; Lewis, R.G.; Sprague, P.W., 
J. Am. Chem .Soc.., 89, 6741 (1967).
51. Winterfeldt, E., Liebigs.Ann.Chem. , 7.45, 23 (1971).
52. Hutchinson, C.R.; Heckendorf, A.M.; Daddona, P.E.; 
Hagaman, E.; Wenkert, E., J.Am.Chem.Soc., 96, 5609 
(1974).
53. Battersby, A.R.; Burnett, A .R .; Parsons, P.G.,
J.Chem.Soc., 1193 (1969).
54. Rueffer, M.; Nagakura, N.; Zenk, M.H., Tetrahedron 
Lett., 18, 1593 (1978).
55. Stockight, J.; Zenk, M.H., J.Chem.Soc.Chem.Commun., 
646 (1977).
56. Brown, R.T.; Leonard, J.; Sleigh, S.K., 
Phytochemistry, 1.7, 899 (1978).
57. Hutchinson, C.R.; Heckendorf, A.H.; Straughn, J.L.;
155
Daddona, P.E.; Cane, D.E., J. Am. C h e m ,  Soc. , 1.0.1, 3358
(1979) .
58. Carte, B.K.; Debrosse, C.; Eggleston, D.; Hemling, 
M.; Mentzer, M.; Poehland, B.; Troupe, N.; Westley, 
J.W.; Hecht, S.M., Tetrahedron, 46, 2747 (1990).
59. Stork, G.; Schultz, A.G., J.Am.Chem.Soc., 9.3, 4074
(1971).
60. Volkman, R.; Danishefsky, S.; Eggler, J.; Solomon, 
D.M., J.Am.Chem.Soc., 93, 5576 (1971).
61. Corey, E.J.; Crouse, D.E.; Anderson, J.E., J.Org. 
Chem. ,  4.0, 2140 (1975).
62. Horowitz, S.B., "Antibiotics I I I .  Mechanism of
action of Antimicrobial and Antitumuor Agents", 
Springer, N.Y. 1975, p48.
63. Andoh, t.; Ishii, K.; Suzuki, Y.; Ikegami, Y.; Kusu 
n o k i , Y.; Takemoto, Y.; Okada, K., Proc.Natl.Acad. 
Sci .U.S.A. , 8.4, 5565 (1987).
64. Kjeldson, E.; Bonuen, B.; Andoh, T.; Ishii, K.;
Okada, K . ; Boland, L.; Westergaard, 0., J.Biol.Chem
2.6.3, 3912 (1988).
65. Gupta, R.S.; Gupta, R.; Eng, B.; Lock, R.B.; Ross, 
W.E.; Hertzberg, R.P.; Caranafa, M.J.; Johnson,
R , K . , Cancer Res. , 4.8, 6404 (1988).
66. Gallo, R.C.; Whang-Peng, J.; Adamson, R.H., J.Natl.
Cancer Inst., 4.6, 789 (1971).
67. Wall, M.E.; W a n i , M.C.; Cook, C.E.; Palmer, K.H.;
McPhail, A.T.; Sim, G.A., J .Am. Chem. Soc. , 8.8, 3888 
(1966).
156
68. Suffness, M.; Cordell, G.A., "The Alkaloids ;
Chemistry and pharmacology", Vol.. 25, Academic
press, Orlando FI., 1985, p73.
69. Pettit, G.R., China Q., 59, 789 (1971).
70. Moertel, C.G.; Reitmeier, R.J.; Schutt, A.J.; Hahn, 
R.H., Proc. Am. Assoc. Cancer Res., 1.2, 18 (1971).
71. Buchner, E., 8er. Dtsc.h. Chem. Ges. , 21, 2637 (1888).
72. Huisgen, R., Angew.Chem.Int.Ed.Eng., 2, 633 (1963).
73. Huisgen, R., J.Org.Chem., 33, 2291 (1968).
74. Huisgen, R., J.Org.Chem. , 41., 403 (1976).
75. Firestone, R.A., J.Org.Chem., 33, 2285 (1968).
76. Firestone, R.A., J.Org.Chem., 37, 2181 (1972).
77. Firestone, R.A., Tetrahedron, 33, 3009, (1972).
78. Tsuge, 0.; Kanemasa, S.; Ohe, M.; Yorozu, K.;
Takenaka, S.; Veno, K., Bull.Chem.Soc.Jpn., 60, 4067
(1987).
79. Chastanet, J.; R o u s s i , G., J.Org.Chem., 53, 3808
(1988).
80. Ali, S.; Wazeer, M.I.M., J.Chem.Soc.Perkin Trans.I., 
597 (1988).
81. Linn, W.J.; Benson, R.E., J.Am.Chem.Soc., 87, 3657 
(1965).
82. Montgomery, L.K.; Schueller, K.; Bartlett, P.D.,
J.Am.Chem.Soc., 86, 622 (1964).
83. Tuffarielo, J.J., "1,3-Dipolar Cycloaddition 
Chemistry.", Wiley-Interscience, N.Y., 1984, vol.2, 
c h . 9.
84. Black, D.S.C.; Crozier, R.F.; Davis, V.C., Synthesis
157
, 7, 205 (1975).
85. Ali, S.A.; Senaratne, P.A.; Illig, C.R.; Meckler, H. 
; Tuffariello, J.J., Tetrahedron Lett., 4167 (1979).
86. Padwa, A., "1,3-dipolar Cycloaddition Chemistry 
Wiley-Interscience., N.Y., 1984, vol.2, pp 61-75, pp 
428-433.
87. Woodward, R.B.; Hoffman, R., "The Conservation of
Orbital Symmetry. " ,  Verlag Chemie., Weinheim. 1970.
88. Huisgen, R., "1,3-Dipolar Cycloaddition Chemistry
Wiley-Interscience., N.Y., 1984, v o l .1, p p 3 5 .
89. Fukuki, K,; Yonezawa, T.; Shingu, H., J.Chem.Phys,, 
20, 722 (1952).
90. Fukuki, K.; Fujimoto, F., Bull.Chem.Soc.Jpn., 40, 
2018 (1967).
91. Sustman, R., Tetrahedron Lett., 2717 (1971).
92. Sustman, R.; Trill, H., Angew. Chem. Int. Ed. Engl. , 1.1., 
838 (1972).
93. Huisgen, R.; Hauck, H.; Grashey, R.; Seidl, H.,
Chem.Ber. ,  102, 736 (1969).
94. Huisgen, R.; Szeimies, G., Chem.Ber. , 98, 1153 
(1965).
95. Bilmaier, W.; Geittner, J.; Huisgen, R.; Reissig, H. 
, Heterocycles, 10, 147 (1978).
96. Huisgen, R.; Eckel 1, A., Chem.Ber., 1.1.0, 540 (1977).
97. Hall, J.H.; Huisgen, R.; Ross, C.H.; Scheer, W.,
J.Chem.Soc.Chem.Common., 1187 (1971).
98. Hall, J.H.; Huisgen, R., J.Chem.Soc.Chem.Commun., 
1188 (1971).
158
99. Huisgen, R „; Scheer, W.; Huber, H., J . A m . C h e m . S o c . , 
89, 1753 (1967).
100. Garner, P.; Bin Ho, W., J . O r g . C h e m . , 55, 3973
(1990).
101. Rebek, J.; Gehret, J.C.E., T e t r a h e d r o n  L e t t , 3027
(1977).
102. Vedejs, E.; Martinez, G.R., J .  A m .  C h e m .  S o c .  , 1.0.1,
6452 (1979).
103. Vedejs, E.; West, F . G . , C h e m .  R e v .  , 8.6, 941 (1986).
104. Grigg, R.; Kemp, J., J .  C h e m .  S o c .  C h e m .  C o m m o n .  , 109
(1978).
105. Joucla, M.; Hamelin, J., T e t r a h e d r o n  L e t t . ,  32,
2885 (1978).
106. Tsuge, 0.; Kanemasa, S.; Ohe, M.; Yorozu, K.;
Takenaka, S.; Weno, K., B u l l . C h e m . S o c . J p n . , 60, 4067 
(1988).
107. Chastanet, J.; R o u s s i , G., J . O r g . C h e m . ,  5.3, 3808
(1988).
108. Huisgen, R.; Gotthardt, H.; Bayer, H.O.,
A n g e w .  C h e m .  I n t . . E d .  , 3, 135 (1964).
109. Huisgen, R.; Gotthardt, H.; Bayer, H.O.; Schaeffer,
F.C., A n g e w . C h e m . I n t . E d . , 3, 136 (1964).
110. Gilman, H.; S p a t z , S., J . A m . C h e m . S o c .  , 63, 1553 
(1941).
111. Amundsun, L.H.; Nelson, L.S., J .  A m .  C h e m .  S o c .  , 7.3, 
242 (1951).
112. Nystrom, R.F., J  . A m . C h e m . S o c .  , 7.7, 2544 (1955).
113. Satch, T.; Suzuki, S., T e t r a h e d r o n  L e t t . ,  5.2, 4555
159
(1969).
114. Wakamatsu, T.; Inaki, H.; Ogawa, A., H e t e r o c y c l e s ,  
14, 1437 (1980).
115. Nystrom, R.F. J . t i m , C h e m . S o c . , 7.7., 2544 (1955).
116. Rylander, R., "C a t a l y t i c  h y d r o g e n a t i o n  o v e r  p l a t i ­
n u m  m e t a l s " ,  Academic Press, New York, 1967, pp 203- 
226.
117. Hertzberg, R.P.; Caranfa, M.J.; Holden, K.G.; 
Jakas, D.R.; Galagher, G.; Mattern, M.R.; Mong,
S.M.; O ’Leary, J.; Bartus, J.; Johnson, R.K.; Kings­
bury, W.D., J . M e d . C h e m . ,  32, 715 (1989).
118. Hutchinson, C.R., T e t r a h e d r o n ,  37, 1047 (1981).
119. Spray, C. "Synthesis and reactions in the 1,2,3,4- 
tetrahydroisoquinoline series", Ph.D. thesis, Bath, 
1981.
120. Gotthardt, H.; Huisgen, R., C h e m .  B e r . ,  1.0.1, 552
(1968).
121. Sheehan, J.C.; Hess, G.P., J . t i m . C h e m . S o c . , 7.7, 1067 
(1955).
122. Rebek, J.; Feitler, D., J .  A m .  C h e m .  S o c .  , 9.6, 1606
(1974).
123. Marshall, J.L.; Erickson, K.C.; Folsom, T.K.,
T e t r a h e d r o n  L e t t . , 4011 (1970).
124. Sandler, S.R., J . O r g . C h e m . ,  35, 3967 (1970).
125. Sandler, S . R C h e m . I n d . , 1416 (1971).
126. Chakrabarti, J.K.; Hotten, T .M .,C h e m . C o m m u n . , 1226
(1972).
127. V e n kataraman, K.; Wagle, D.R., T e t r a h e d r o n  L e t t . ,
160
32, 3037 (1979).
128. Coppola, G.M., H e t e r o c y c l i c  C h e m , , 21, 769 (1984).
129. Schwartz, M.; Waters, M., S y n t h e s i s , 621 (1972).
130. Holmes, A.B.; Jones, G.E., T e t r a h e d r o n  L e t t . , 2.1,
311 (1980).
131. Olah, G.A.; Karpeles, R.; Narang, S.C., S y n t h e s i s ,  
963 (1982).
132. Jones, G.; Wood, J., T e t r a h e d r o n ,  21, 2529, (1965).
133. Jones, G.; Wood, J., T e t r a h e d r o n ,  21_, 2961, (1965).
134. Franke, I.; Binder, M., H e l v . C h i m . H c t a . , 63, 2508
(1980).
135. Mukhopadhyay, T.; Seebach, D., H e l v . C h i m . H c t a ,  65,
385 (1982).
136. Liljefers, T., S y n t h e s i s ,  250 (1988).
137. Morrow, D.R.; Butler, M.E.; Huang, E.C.Y.,
J . O r g . C h e m , , 41, 586 (1976).
138. Huisgen, R.; Gotthardt, H.; Bayer, H.O.; Schaefer,
F.C., C h e m . B e r . ,  103, 2611 (1970).
139. Huisgen, R.; Gotthardt, H., C h e m . B e r . ,  103, 2625
(1970).
140. Hershenson, F,H., J . O r g . C h e m . ,  37, 3111 (1972).
141. Croce, P.D.; Gariboldi, P.; LaRoca, C., J . H e t e r o c y ­
c l i c  C h e m . ,  24, 1793 (1986).
142. Corey, E.J.; Kim, C.U.; Chen, R.H.K.; Takeda, M., 
J . A m . C h e m . S o c . , 94, 4395 (1972).
143. Coppola, G.M., J  . H e t e r o c y c l i c  C h e m .  , 21., 769
(1984).
144. Midland, M.M.; Tramontano, A.; Cable J.R.,
161
J . O r g . C h e m , , 45, 28 (1980).
145. Yamada, K.; Miyaura, N.; Itoh, M.; Suzuki, A.,
S y n t h e s i s , 679 (1977).
146. Rhinesmith, H.S., J . O r g . C h e m , , 40, 1773 (1975).
147. Ziegenbein, W., " C h e m i s t r y  o f  t h e  A c e t y l e n e s " ,
Decker, M., New York, 1969 pp 169.
148. Corey, E.J.; Venkateswarlu, A., J . A m . C h e m . S o c .  , 94, 
6190 (1972).
149. Chaudhary, S . K . ; Hernandez, 0., T e t r a h e d r o n  L e t t . . ,
99 (1979).
150. Kerwin, S.M.; Paul, A.G.; Heathcock, C.H.,
J . O r g . C h e m , , 52, 1686 (1986).
151. Moody, C.S.; Shah, P. P e r k i n  T r a n s . I ,  3249 (1988).
152. Amouroux, R., H e t e r o c y c l e s ,  22, 1489 (1984).
153. Olah, G.A.; Narang, S.C.; Gupta, B.C.B.; Malhotra,
R., J . O r g . C h e m . ,  44, 1247 (1979).
154. Nystrom, J.E.; McCanna, T.D.; Helquist, P.; Amou­
roux, R., S y n t h e s i s ,  56 (1988).
155. Carroll, M.F.; Bader, A.R., J . A m . C h e m . S o c ,  , 75,
5400 (1953).
156. Clemens, R.J.; Hyatt, J.A., . J . O r g . C h e m , ,  50, 2431
(1985).
157. Boeckman, R.K.; Thomas, A.J., J . O r g . C h e m . ,  47, 2821
(1982).
158. Rathke, M. W.; Sulivan, D., T e t r a h e d r o n  L e t t . ,  41,
4249 (1972).
159. Herrmann, J.L.; Kieczykowski, G .R .; Schlessingen, 
R.H., T e t r a h e d r o n  L e t t . ,  26., 2433 (1973).
162
160. Graaf, S.A.G.; Oosterhoff, P.E.R.; Van der Gen, A., 
T e t r a h e d r o n  L e t t , 1653 (1974).
161. Katzenellenbagen, J. A.; Crumrine, A.L., J .  A m .  
C h e m . S o c , ,  98, 4925 (1976).
162. Katzenellenbagen, J.A.; Crumrine, A.L.,
J , A m , C h e m , S o c , , 96, 5662 (1974).
163. Cardillo, G.; Contento, M.; Suadri, S., T e t r a h e d r o n  
L e t t , ,  2215 (1974).
164. Smith, A.B.; Scarborough, R.M., T e t r a h e d r o n  L e t t , ,  
44, 4193 (1978).
165. Smith, A.B.; Levenberg, P.A.; Jerris, P.J.; Seal—  
borough, R.M.; Wovkulich, P.M., J . A m . C h e m , S o c , , 1 0 3 ,  
1501 (1981).
166. Hartzler, H.D., J , A m , C h e m , S o c , , 83, 4900 (1961).
167. Miller, R.B., S y n t h e t i c  C o m m o n . ,  2.(5.1, 267 (1972).
168. Bernady, K.F.; Floyd, M.B.; Poletto, J .F . ; Wiess, 
M . J . , J .  O r g , C h e m , , 44 (9.1, 1442 (1979).
169. Hanessian, S.; Lavalee, P., C a n , J , C h e m , ,  53, 2975
(1975).
170. Tiley, E . P . , S y n t h e t i c  C o m m o n . , 2(.5.).., 267 (1972).
171. Boeckman, R. K.; Perni, R.B., J . O r g . C h e m . ,  5.1., 5486
(1986).
172. Boeckman, R.k.; Starrett, J.E.; Nickel, D.G.; Sum, 
P.E., J .  A m .  C h e m .  S o c .  , 1.0.8, 5549 (1986).
173. Hershenson, F.M., J . O r g . C h e m . ,  3.7, 3111, (1972).
174. Gotthardt, H.; Huisgen, R.; Bayer, H.O.,
J .  A m .  C h e m .  S o c ,  , 9.2, 4340, (1970).
175. Tanaka, M.; Abe, Y.; Tokuyama, K., C h e m .  P h a r m .
163
B u l l . ,  2 6 ,  (5), 1558, (1983).
176. Clemo, G.R.; Swan, G.A., J .  C h e m . S o c . ,  617 (1946).
177. Ferdinandi, E.S.; Just, G., C a n . J .  C h e m .  , 49,
1070, (1971).
178. Gilman, N.W.; Holland, B.C., C h e m .  P h y s .  L i p i d s ,
13, (3), 239, (1974).
179. Wotiz, J.H.; Hudak, E.S., J . O r g .  C h e m . ,  19, 1580,
(1954).
180. Saunders, J.; Tipney, D.C.; Robins, P., T e t r a h e d r o n  
L e t t . ,  23, (40), 4147, (1982).
181. Moody, C.J.; Shah, P.; Knowles, P., P e r k i n  T r a n s .  
I ,  3249 (1988).
182. Mash, E.A.; Hemperley, S.B.; Nelson, K.A.; Heidt,
P.C.; Van Deusen, S., J .  O r g .  C h e m . ,  55, (7), 2045,
(1990).
183. Carruthers, W.; Moses, R.C., P e r k i n  T r a n s .  I ,  2255,
(1988).
184. Ley, S.V.; Lygo, B.; Sternfeld, F.; Wonnacott, A., 
T e t r a h e d r o n ,  42, (15), 4333, (1986).
185. Young, R.N.; Champion, E.; Gauthier, J.Y.; Jones, 
T.R.; Leger, S.; Zamb o n i , R., T e t r a h e d r o n  L e t t . ,  27, 
(5), 539, (1986).
186. Piers, F.; Skerjl, R.T., J .  C h e m .  S o c .  C h e m .  C o m -  
m u n . ,  13, 1025, (1987).
187. Yasuyuki, K.; Okunaka, R.; Honda, T.; Shindo, M., 
J .  O r g .  C h e m . ,  56, (1), 119, (1991).
188. Doyle, M.M.; Jackson, W.R.; Perlmutter, P., P u s t .
J .  C h e m . ,  42, (11), 1907, (1989).
164
189. Pizzorono, M.T.; Albonico, 5.M., J .  O r g , C h e m , ,  42, 
(5), 909, (1977).
165
